OSTEOLOGY OF THE JURASSIC REPTILE CA]MPTO- 
SAUHUS, AVTTII A REVISION OF THE SPECIES OF THE 
GENUS, AND DESCRIPTIONS OF TWO NEW SPECIES. 



By ClIARLKS W. GlL^rORE, 

Custodian of Fossil Jieidilcs, U. Xational Museum. 



INTItODUOTION. 

Twenty-nine years have passed since Prof. O. C. Marsh and his 
assistants made the first discovery of camptosanrian remains in the 
Jurassic deposits of North America. During this period, with the 
exception of a number of short papers prepared at various intervals 
Professor Marsh, little has been written concerning this inter- 
esting group of extinct reptiles. Their apparent neglect is no doubt 
due in large part to the dearth of material, for, despite the fact that 
the gathering of collections has been continued with increased activity 
during the past eleven years by representatives of the various scien- 
tific institutions of the Ihiited States, but little new camptosanrian 
material has been brought to light. 

The fossils upon vhich the j^resent paper is largely based Avere 
acquired by the U. S. National Museum through the U. S. Geological 
Survey, being contained in that part of the Marsh collection trans- 
ferred to the iluseum in 1900. The greater part of the material Avas 
in the same condition as Avhen received from the field many years 
previous, and its preparation in so complete a condition, in view of 
its rarity, has been most gratifying. Not onl}^ are there inaiiA^ indi- 
Auduals represented, but the perfection of tAvo of the skeletons throAvs 
much additional light on their structural characteristics, and it has 
been thought adAUsable to giA^e here for the first time a detaileil 
description of the osteological structure of the genus. This Avill be 
folloAved by a discussion of the species in anticipation of defining 
their more important characteristics. This Avork Avas made possible 
by the stud}^ of the types and other specimens contained in the col- 
lections of the Yale University JMuseum, AAdiich Avere generously 
placed at my disposal. 
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The most serious difficulty in tlie proper study of the type-specimens 
^Yas due to their lack of preparation. It is hoped, however, that in 
the text and figures presented here a little has been added to our 
conception of a form long neglected. 

T take this opportunity to express my appreciation of the assist- 
ance given me during the preparation of this paper. To Dr. George 
P. Merrill, head curator of the department of geology, U. S. Xational 
jNIuseuin, I am first of all indebted for making possible the arrange- 
ments for the preparation and study of this material, and I gratefully 
acknowledge the many privileges extended ; to Prof. Charles Schu- 
chert, of the Yale University ^Museum, I am under obligations for 
the generous manner in Avhich he placed at my disposal the types and 
all other camptosaurian material contained in the collections under 
his charge. I also wish to thank Prof. P. 8. Lull, of the same insti-o 
tution, for courtesies extended during my visit to New Haven. For 
the privilege of studying material and assistance rendered, I am 
grateful to Dr. AV. I). ]\Iatthew and ilr. Barnuin P>rown, of the 
American ]Museum of Natural History, New York. I am also in- 
debted to ^Ir. Norman Boss, of the LL S. National iMuseum, for effi- 
cient assistance in the preparation of material, and to ]Miss M. AAk 
Moodey in the final preparation of the manuscript. 

IIISTOKY OF THE DISCOVEUY OF QUAUUY NO. l.T 

AA^ith the specimens upon which the present paper is based were 
found many of the original field labels, on which the locality is given 
as ‘H^uarry No. or No. ITi, 8 miles east of Como, AAAoming.'' A 
brief history of the discovery and methods employed in working this 
important deposit of fossil remains is here given on account of the 
perfection of many of the specimens found in the quarry. It has 
furnished the holotypes of Camptosanrus dispar^ C. nemus^ and the 
allied forms, Dvyosanrus altus^ besides a vast quantity of otlier 
material, chiefly ])ertaining to the Stegosaurida% among which are 
the holotypes of StegoHaitrits svlcatun and Diracodon In 

response to an inquiry made of ^Ir. AA^ II. Peed, of Laramie, AAAom- 
iug (the original discoverer), as to the history of the discovery of 
this deposit of fossils, lie Aviates: 

In I STD, I could see the end of quarry No. 10, where the type of 

Brontosaurus c.rcrtsus Marsh was fomid, so I took one of my men, Mr, E. G. 
Ashley, and we started out east from the main liliiff (or Gomo-hlnff ) . On the 
fourth day of oiir search, in the afternoon, beinj; in the lowest of the Jura hone 
horizon, we found some hollow hones in the wash and soon after discov- 
ered the quarry. The first hones to he taken np was a nearly ('omplete skeleton 
of AUosdurus, After this skeleton had been taken out, we found larjj:o (plan- 

« Prof. li. S. Enll informs me that the holotypes of Cocliirns frci(jiUs and 
Morosiiurus tvufns also came from this (juarry. 
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titles of Fitrijoi^onrHs and Comptosaiirus bones. This quarry was entirely dif- 
f(‘rent from any other Jurassic (luarry 1 have ever seen, the matrix boinj^ a 
liiu' quality of sand. * * * There were also numerous small tulx^s with an 

outer crust of calcite. These were nearly uniform in size and al)out one-half 
inch in diameter. There were no larj'e dinosaur hones found in this <iuarry, 
hut it st'cmed to he a favorite resort for the smaller si)ecies. * * =»= The 

(juarry was cut throuiih hy two j^ulelu'S, and that portion on tlu' west side of 
the west jxuleh was called IJ west, that part between the j^ulches was lo east, 
and that on the east side of the ('ast gulch was l.‘U. This is as I started the 
work, and 1 believe llrown continued this plan. * * * \ piiq \n niy (Jd 

notebooks the original locations that were filed in 1S71) in order to hold it from 
t res I Kissers. 

An inclosure in the above letter shows the quarry to have been 
located in the northeast quarter of section 5, township 22 north, of 
range TO west, Albany County, AYyoming. 

Under the supervision of ]\Ir. Reed, at that time employed by Prof. 
O. C. Marsh, quarry No. 13 was worked for the remainder of the 
season of 1879 and during the summers of 1880, 1881, and 1882. In 
1883 further excavations were made under the direction of Mr. J. L. 
Keniie}^, and in 1881, Mr. Fred Brown assumed charge of the explo- 
rations, which were continued unintexTuptedly until the autumn of 
1887, when the quarry was abandoned as exhausted. 

PLAN OF WORK. 

The fossils collected from quarry No. 13 prior to 1882 are now pre- 
served in the collection of the Yale University Museum, while the 
specimens resulting from the later excavations (the expense of col- 
lecting having been defrayed by the U. S. Geological Survey) are 
now in the paleontological collections of the U. S. National Museum. 
Much of this material still remains in the original packages as col- 
lected from twenty-one to twenty-six years ago. 

Rough sketch maps of the quarry were made by Reed, on which 
he indicated the relative positions of all of the important bones found. 
Unfortunately only a few of these are now available. Later Brown 
formulated a more detailed plan of recording the relative positions 
of the specimens uncovered. The quarry was divided (see fig’. 1) 
into what he designated diagrams, beginning with No. 1 and ending 
with No. 13. In some cases it is found that one diagram represented 
a season's work, while in other instances several diagrams were 
worked out in one year, probably due to the varying number of fossils 
found in the different sections. The diagrams were subdivided into 
2-foot squares and, the maps being platted on the scale of 2 feet to the 
inch, bones as found could be accurately located on them. Each 
bone or group of bones (when taken up in one block) was given a 
quarry number, the bones found in each diagram beginning with num- 
ber 1 and continuing serially for all of the specimens in that section. 
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The number being placed on a label with the specimens, as well as 
on the map, the exact position of a bone in relation to those found 
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near it could be quickl}^ and accurately determined in the laboratory. 
Unfortunately a compilation of the several diagrams had never been 
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made, and it was only after a most tedious search that the relative 
positions of those shown in tig. 1 were determined. There was no 
data found whereby diagrams h and 10 could be accurately located, 
and the area worked by Heed can only be indicated in a general way. 

rOSITIOX OF THE HONKS OF CAMPTOSAFUl S HKOWNl AS FOUND IN 

THE QUAKKY. 

The most complete specimen considered in this paper is a new 
species, Gmnptosatmis hrownl (Cat. No. 4282, U.S.N.M.), which was 
collected by Mr. Fred Brown from quarry No. 13, *8 miles east of 
Como, Albany County, IVyoming, in 1885 and 188(>. The accom- 
))anying map (see Plate 0) shows plainl}^ how the bones of this 
individual were found as they lay embedded in the ground. The 
diagrams were drawn (as explained previousl}^) at the time of dis- 
interment, and the painstaking care bestowed on them is worthy 
of the highest commendation. Nearly a quarter of a century has 
elapsed since this skeleton Avas collected. During the interval the 
material from this area had become Avidely scattered, but by the aid 
of the diagrams the specimens Avere not only assembled, but I Avas 
enabled to again place all of the elements in their original relative 
positions. 

]\lost of the skeleton lay in diagram 5, but a study of the contiguous 
area represented by diagram 7 shoAved other elements Avhich could, 
beyond a reasonable doubt, be associated Avith the same individual, 
although collected a year later. The main axis of the skeleton lay 
in a northeast and soutliAvest direction, and apparently not far re- 
moA’cd from Avhere the animal died. 

As indicated by the original quarry numbers, the left fore limb and 
foot and anterior dorsal ATrtelirm Avere the first elements discoA^ered. 
The limb and foot bones lay on the left side of the A^ertebral column 
in the positions indicated on the map (see Nos. 83, 84, and 85), the 
scapula and coracoid being remoA^ed some 5 feet to the left of the 
loAver limb bones, but inasmuch as this is the only skeleton of 
Camptoscumis found in this part of the quarry, and as it pertains 
to the left side, there can be no doubt of their proper association. 
The A^ertebral column, Avhich appears quite complete, Avas disarticu- 
lated at intervals. Beginning Avith the anterior portion of the back- 
bone as preserved, cervicals 78, 77, and 7G Avere articulated by their 
zygapophyses and represent, rcspectiA^ely, the eighth and ninth cervi- 
cals and first dorsal. No. 83, although not interlocked Avith 78, Avas 
but little removed from it, and appears Avithout question to represent 
the seA’enth cervical. Tavo other cervicals. No. 100 and another from 
Avhich the original quarry number had been erased, are also pro- 
visionally associated Avith this skeleton, and represent the fourth and 
third cervicals, respectively. On account of the erasure of the quarry 
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number the position of the third cervical could not be found on the 
map, although it was associated with the bones of No. 4282. The 
vertebrae of the next series, Nos. 101 to 106, while not interlocked by 
their zygapophyses, were so closely associated that there can be no 
([uestion of their representing a s(U*ies, and when prepared fit one 
another perfectly. The position of the capitular facets and shape 
of the spinous |)rocesses show them to pertain to the anterior dorsal 
region. An interval of a foot or more existed between No. 106 of 
this series and No. 76. In the next series, Nos. 120 to 1^16, the verte- 
bra^ were found occupying their relative positions and but little dis- 
turbed. From the adhering matrix I was able to connect up thi-s 
series from the mid-dorsal through the sacral into the anterior caudal 
region, and an unbroken series is undoubtedly represented from the 
eighth dorsal back through the sacrals to the fourth caudal, inclusive. 
Caudals Nos. 168 to 169 and Nos. 158 and 159 were removed some- 
what laterall}", but were intermediate in size and appear to fill the 
gap between 136 and 170. Nos. 170 to 174, with their chevrons, were 
found articulated. Another series of four vertebra' (block 208) was 
shown in diagram 7, some 14 feet to the east of No. 174. But an 
anterior zygapophysis, retained in place by the matrix of the latter, 
was found to fit on the first vertebra of this series, and so fixed beyond 
doubt their proper position in the tail. Some 14 or 15 feet to the 
north and east another series of eighteen distal caudals (Nos. 218 to 
235) was found, most of them articulated or so closed associated 
that it appears none are missing in the series. 

It is perhaps fortunate that while the other bones found in this 
area represent the remains of several individuals, nearly all per- 
tain to the genus Stegomunis, from which the elements of (Wimpto- 
saurns are readily distinguishable. This remark applies particu- 
larly to the rounded distal caudals of Camptomurus which ma}" at 
once be distinguished from the short hexagonal caudal centra of 
^^fego8a}(ri(s. That this distal series belongs to C, hroinn there can 
be but little question. The ilia. Nos. 140 and 167, lay on their respec- 
tive sides of the sacrum and but little removed from it, with their 
anterior ends directed forward. The other pelvic bones were not 
indicated on the map, but from their quarry numbers it was deter- 
mined they could not have been far removed. Nothing of the hind 
limbs was found. The right fore limb (and foot) Nos. 98, 101, 119, 
and 120, were found to the west and right of the anterior cervicals. 
From the fact that all of the elements pertain to a right limb and 
closely agree in size with the left, its assignment appears certain. 
Some scattered ribs and pieces found near the dorsals have been pro- 
visionally associated with them. All of the remaining material 
from diagrams 5 and 7 has been gone over carefully in the hope of 
finding some elements of the skull and other missing parts, but with- 
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out reward. It appears remarkable that in a skeleton which shows 
so little displacement of the elements as this one, that the heavy 
bones of the hind limbs should be missin<>;. An unusual feature is 
the preservation of both fore limbs and feet. Experience of several 
seasons’ field work has shown that while it is not unusual to lind 
hind limbs fairly complete, the front le^s, ])articularly of the Jurassic 
sauropods, are rare. 

B}" reference to the quarry maj) (see Plate O), all of the <*vidence 
as to the association of the parts may be plainly seen. The bones not 
numbered pertain to one or more genera dill'erent from Campto- 
saurus. The series to the east of the vertebral column represents a 
caudal series of Stegosaurus^ and most of the other scattered elements 
have been recognized as belonging to that genus. AVith the exception 
of two caudal vertebrje, no duplicate bones of (Wimptosauiuis have 
been found. There can be therefore little question but that all of 
the elements indicated as Camptosaurus belong to the one individual. 

The position of the bones of the skeleton, as found in tlu^ quarry, 
is shown in diagrams 5 and 7, Plate 6. The position of the different 
parts is indicated by the original quarry numbers as follows: 

In Diagram 5. 



81. Dorsal rib. 

53. Dorsal rib. 

54. Left liiiuieriis. 

85. Left radius, ulna, and mauus, 

98. Spinous process. 

101 to lOG. Dorsals (2, 3, 4, 5, 6, and 7 
of series). 

106. Thoracic rib. 

107. Head of dorsal rib. 

109. Piece of dorsal rib. 

113. Portion of right ischium. 

115. Left ischium. 

116. Dorsal rib (portion of head). 

120 to 128. Dorsals (Sth to 16th of 

series). 



129 to 1.33. Sacrals. 

134 to 136. Caudals (1, 2, and 3 of 
series) . 

140. Left ilium. 

157. Portion of dorsal rib. 

158. Caudal (6th of series). 

159. Caudal (5th of series). 

167. Itigbt ilium. 

168. Caudal (3rd of series). 

169. Caudal (4th of series). 

170 to 174. Caudals (7, 8, 9, 10, 11, and 
12 of series). 

175, 176. Caudal vertebrne. 

178. Chevron. 



In Diagram 7. 



45. Left scapula. 

46. Left coracoid. 

76. First dorsal. 

77. Ninth cervical with one rib. 

78. Eighth cervical with both ribs. 

83. Seventh cervical. 

84. Light humerus, 

98. Light coracoid. 

101. Light scapula. 



109. Fourth cervical. 

119. Light radius and ulna. 

120. Light man us. 

177. Ungual of Digit IV, right hind 
foot. 

208. Caudals (13, 14, 1.5, and 16 of 
series). 

218 to 2.35. Caudals (21st to .38th of 
series). 
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OSTEOLOGY OF CAMPTOSAURUS. 

In the following images an attempt is made to give a detailed de- 
scription of the complete osteology of Camptosaurus^ which, to a 
great extent, is based upon material preserved in the paleontological 
collections of the U. S. National Mnseum. This is supplemented, 
however, in many instances, and corroborated in others, by a study 
of the types and other specimens in the Yale University Mnsenin, the 
collections of these two institutions containing the greater portion of 
the known Camptosaiiriis material from the Jurassic of this country. 

Primarily the detailed description of the skeleton is based on Cat. 
No. 4282, IT.S.N.M., holotype*^ of the new species, C. hrowni. T 
have selected this specimen on account of its representing a consid- 
erable jDortion of one individual, concerning the association of whose 
jjarts there can be but little question raised. Keference will occasion- 
ally be made to other individuals, where important structural differ- 
ences are displayed, and bones not represented in this skeleton will 
be described from other specimens. 

THE SKULL. 

A complete articulated skull of Camptosauru,^ is unknown, al- 
though nearly all of its component parts have been recognized from 
the several disarticulated and fragmentary crania now preserved in 
the collections of the National and Yale museums. 

Marsh was the first to attempt a restoration of the skull, which was 
based primarily u])on the disarticulated elements of No. 1880 (holo- 
type of U. medius), and the well-preserved anterior and ])osterior 
portions of No. 1887, Yale Museum, shown in Plates 7, 8, and 9 of the 
present paper. The latter specimen re])resents a very much larger 
individual, and, as suggested elsewhere, probably pertains to a dis- 
tinct species. Thus the skull as figured could hardly be distinctive 
of C\ meduiH^ as formerly considered. 

The restoration jDresented here (see figs. 2 and 8) is based upon the 
one given by ^larsh, with such corrections and emendations as better 
preserved and more abundant material renders possible, and while 
it is anticijDated that future discoveries will undoubtedly show the 
present restoration to be in error in some particulars, still it is be- 
lieved that a clearer and more correct conception of the skull of 
Camptosa^irifs is given than could be obtained from the earlier repre- 
sentations. 



« This is a term defliieil by Scbucbert (Bull. W S. Nat. Mils., Xo. 53, Pt, 1, 1905, 
p. 10) : “A bolotype iu natural history is a particular individual deliberately 
selected by the author of a species, or it may be the only example of a species 
known at the time of original publication. A bolotype, therefore, is always a 
single individual, but may embrace one or more parts, as the skin, skeleton, or 
other portions, such as the obverse and reverse of a natural mould.” 
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The occipital region, j^arietals, and frontals have been largely based 
upon the posterior portion of a skull of C. di^yar^ No. 5473, U.S.N.M. 




Fig. 2. — Sktll of Camptosaurus. Composite restoration ; aboft \ nat. size. Seen 

FROM THE left SIDE ; iDUJ, ANGULAR ; ho, BASIOCCIPITAL ; hs, BASIPHENQID ; d, DENTARY ; 
€XO, EXOCCIPITAL ; f, FRONTAL; i/, INFRATEMPORAL FOSSA; ju, JUGAL; LACHRYMAL; 

m, maxillary; mf, mental foramen; na, nasal; no, nasal orifk’e ; o, orbit; oc, 
OCCIPITAL condyle; pd, predentary; pf, postfrontal; pmx, premaxillary; prf, 
prefrontal; qj, quadratojugal ; qu, quadrate; s, supraorbital; sf, external mandi- 
bular foramen ; sof, supraorbital fossa ; sp, splenial ; sq, squa.m(»sal ; sur, suran- 
gular; Till, internal auditory meatus; IX, ^X, foramen lacerum posterius ; XII, 

HYPOGLOSSAL FORAMEN, AND FORAMEN FOR EXIT OF VEIN. 

(see Plates 10 and 11). The anterior half as well as the iiifero- 
posterior part are after No. 1887, Yale Museum (see Plates 7 and 8). 




Fig. -Skull of Camptosaurus. (’omposite restoration ; about \ nat. size. Seen 

FROM THE top; CXO, EXOCCIPITAL ; f, FRONTAL; fm, FORAMEN MAGNUM; if, INFR.VTEM- 
I'ORAL I JSSA ; ju, JUGAL ; 1, LACHRYMAL ; Ud, NASAL ; OC, OCCIPITAL CONDYLE ; p, PARIETAL ; 
Pf, POSTFRONTAL ; pmx, PREMAXILLARY ; POC, PARAOCCIPITAL PROCESS OR OPISTIIOTIC ; 

prf, prefrontal; qii, quadrate; s, supraorbital; so, supraoccipital ; sof, supra- 
orbital fossa; sq, squamosal; stf, supratemporal fossa. 



The lower jaw and maxillary are partly after No. 1887 and partly 
after No. 1886 (see figs. 7 and 8), also in the Yale Museum. No. 1880, 
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aJthough large]}^ disarticulated, furnished much additional as well 
as corroborative information. A study of the disarticulated elements 
of several other individuals assisted greatly in the proper interpreta- 
tion of their arrangement. 

The predentary of Camptosaun/s is as yet unknown, but as repre- 
sented here is a modification of the Iguanodon type rather than of 
Trlceratops^ as fir.st represented. 

A restudy of the material now available has resulted in a number 
of modifications and changes, the more important of which may be 
briefly enumerated as follows: 

(1) A more detailed pre.sentation of the ai*rangement of the ele- 
ments of the occipital and parietal segments. 

(2) The removal posteriorly of the coronoid process of the mandible, 
which alters considerably the propoifionate values of the dentary 
and the posterior elements of the jaw, that is, the lengthening of the 
former and shortening of the latter. 

The many minoi* changes will be alluded to in more detail in the 
description of the elements to follow. 

^"iewed from above the skull is wedge-shaped, with the apex 
directed forward. When seen laterall}^ it is of moderate depth, wider 
posteriorly than anteriorl}% with a prominent orbit and large infra- 
temporal fossa. The rami are moderately deep, but not so wide and 
heavy as in Iguanodon. 

Basioccipltcd. — The heavy basioccipital is terminated posteriorly 
by the rounded occipital condyle, which is somewhat reniform in 
outline. In Cat. Xo. 5l7o, U.S.X.M., its greatest horizontal diameter 
is 40 mm. and its vertical diameter 25 mm. The smootli articular 
surface is continued forward on the under side of the condyle as a 
triangular ai'ea, the apex pointing anteriorly. The continuation of 
this articular surface would appear to indicate a greater mobility of 
the head up and down than from side to side, at the joint with the 
atlas. This would allow the anterior portion of the cranium to be 
considerabl}" depressed. 

In advance of the condyle the inferior surface is deeply concave 
longitudinally and convex transversely, with quite a pronounced 
median depression. Anteriorly and on either side of this depression 
are two blunt, roughened, basioccipital processes which abut against 
the expanded processes of the basisphenoid, the free extremities of 
which point downward and backward, and underlap those of the 
basioccipital. The basioccipital ai'ticulates with the basisphenoid by 
a median, tongue-like anterior extension, which is received in a 
corresponding notch on the posterior end of the latter, as in C. 
prestiviehii. The intercalated basioccipital process on the ventral 
surface has a sharp median crest which begins l)ehind in a depression 
in front of the condyle. The median superior surface is concave 
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transversely and forms the floor of the foramen ma^nnm. On either 
side of this depression are ron^h sutural surfaces for the exoccipitals, 
the posterior terminations of which enter slightly into the formation 
of the ball of the occipital condyle at its upper lateral corners. 

Exoccipital and opisthotlc or pamoccIpifaL — The exoccipitals form 
the greater part of the boundary of the foramen magnum and con- 
tribute' slightly to the formation of the occij)ital condyle. Seen fi'om 
behind, the}^ rise as jDillars from the condyle, aidiculating dorsally by 
oblique sutures with the supra-occipital, and continuing latero- 
posteriorly into the broad opisthotics or paraoccipitals. On the 
median posterior surface, just external to the lateral border of the 
foramen magnum, are pronounced circular depressions (see fig. 4). 
Dorsally, the paraoccipital appears to support the jnirieto-squamosal 
processes much as in Ste</osa)nnis, The exoccipital and opisthotic are 
firmly coalesced, and there 
is no indication of the 
position of the suture, 
which evidently was eai'l}^ 
obliterated. On the in- 
ferior lateral surface of 
the exoccipital are four 
small foramina, one in 
front of another, the an- 
terior one being separated 
from the other three b}^ an 
oblique ridge. The more 
posterior pierces the ex- 
occipital and enters the 
foramen magnum j u s t 
within the external open- 
ing of the latter. As in 
M 07^080070 is ar/iUs^ Di plod or us. Stegosaurus^ and Trireratops^ this 
doubtless served to transmit the hypoglossal, or twelfth nerve; 
the next anterior which enters the foramen more inferiorly, instead 
of a branch of the twelfth nerve, as indicated in the figures, may 
have transmitted a vein, as in the crocodile; the third, which is 
separated from those posteriorly by a slight vertical ridge, was 
probably the exit for the pneumogastric and glossoj)haiyngial nerves, 
while the fourth, the function of which is undetermined, passes 
diagonally through the outer anterior edge of the exoccipital and 
enters the large foramen just within its external opening. The 
nearly vertical suture between the opisthotic and prootic is plainly 
indicated on the portion of the skull of Cat. No. 5473, U.S.N.M. (see 
fig. 5). The broad paraoccij^ital processes extend outward and 
backward beyond the posterior termination of the condyle (see Plate 
10, fig. 2). Viewed posteriorly (see fig. 4), the median part is con- 




Fig. 4, — Posterior view of occipital region op 

SKULL OP CaMPTOSAURUS DISPAR JIaRSH. CaT. No. 
5478, U.S.N.;M. : g nat. size. Al. sp., alisphe- 
NOiD ; hs, BASispiiENoiD ; exo, exoccipital ; fm, 
FORAMEN magnum; (>C^ OCCIPITAL CONDYLE; pOC, 
paraoccipital process or OPISTHOTIC ; p. pt„ 
PROCESS ON BASISPIIENOID WHICH MEETS THE 
PTERYGOID ; SO, SUPRAOCCIPITAL ; IX, X, PORA- 
MEN LACERUM POSTERIUS. 
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stricted, while the outer termination is expanded both dorsally and 
ventrally, more especially in the latter direction, into a wide, some- 
what broadly rounded end. The posterior surface of this process is 
gently convex dorso-ventrally, while the anterior surface is plane, 
with a shallow, longitudinal groove extending for part of its length 
on the anterior inferior border. 

SupmoceipitaL — The supraoccipital of Camptoscnmis^ as in the 
English Ilifpsilophodon and Camptomurnn prestwichU^ enters into 
the formation of the boundary of the foramen magnum. It con- 
tributes to the upper median boundary, and extends forward and 
upward into a stout pyramidal median crest, which is inclosed dor- 
sally and laterally by the parietals. Ventrally it articulates by heavy 
sutured surfaces with the obliquely placed dorsal faces of the ex- 
occipitals and prootics. The principal characters of this bone and 
the relation it bears to the surrounding elements of the skull are 
clearly shown in figs. 4 and 5. 

Bankphenohl and parasphenold, — The basis])henoid is very heavy 
and broad posteriorly where it articulates Avith the basioccipital by 
a deep vertical suture. On its ])osterior ATutral surface two heavy, 
roughened buttresses are developed, which slightly underlap the 
anterior end of the basioccipital, and between Avhich is received a 
heaAw, median, tongue-like prolongation of the basioccipital. An- 
teriorly it is narrower and gives off a pair of diverging processes or 
pillars, produced somewhat below the ventral surface. These are di- 
rected dowmvard, baclvAvard, and outward, and present in front at 
their extremities, surfaces for contact with the pterygoids (see p^ pf, 
fig. 5). Latero- ventrally the basispheuoid is compressed, having later- 
ally, one on either side, two forwardly directed slits, from which tAVo 
converging foramini extend forward into the pituitary fossa. These 
foramini probabl}^ transmitted the carotid arteries, as in the croco- 
dile (see c, fig. 5), They are also present in Trlceratop^^ Stego- 
saurus^ and Iguanodon. Dorso-laterally the basispheuoid articulates 
with the exoccipital, prootic, and alisphenoid. The parasphenoid ex- 
tends forward, from the base of the pituitary fos.sa as a median pro- 
longation of the basispheuoid and divides the interpterygoid vacuity 
posteriorly into tAvo parts. Its anterior extent, hoAvever, can not be 
determined from available material. 

AUsphe){olds. — The alisphenoids are a j:>air of roughly triangular 
bones Avhich arise from the anterior dorsal surface of the basi- 
sphenoid, and unite dorsally as in the crocodile Avith the parietal, 
frontals, and postfrontals (see fig. 5). Their inner surfaces form 
the Avails of that part of the brain case Avhich lodges the cerebral 
hemisphere. Their anterior ends are diA^ergent, turning decidedly 
outAvard, their dorsal surfaces being received in a transA^erse groove 
on the anterior ventral surface of the postfrontal. A narroAV, pos- 
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teriorly notched process descends to tlie basisplienoid a 
with it by a slight!}^ expanded end. The ])ostcrior bordc 
process forms the anterior margin of the foramen ovale lo. 
transmission of the trigeminal or fifth nerve (see V, fig. 5.) Above 
the foramen ovale the alisphenoid is united by suture to the prootic 
bone, as plainly shown in Cat. Xos. 5478 and 501)7, C.S.X.^Nl. Their 
external surfaces form part of the inner and anterior boundaries of 
the supratemporal fossa. The alisphenoids in appear 

to be identical in shape, position, and relationship, as regards the 
surrounding elements. 

Orhitosp hen aids. — Ossified orbitosphenoids were undoubtedly 
])resent, as indicated b}" two thin, flattened, plate-like elements found 
in the matrix with the alisphenoids of Cat. Xo. 5007. IbS.X.M. 
Furthermore, these appear (if not mutilated) to be large enough' to 
complete the anterior portion of the brain case, as shoAvn by specimen 
Cat. Xo. 5473, U.S.X.M. If present, they Avould form the Avails Avhich 
enclose the olfactory lobes of the brain. 

The prootic. — BetAveen the occipital and parietal segments of the 
skull of CamptosauTKs is an area Avhich must represent the position 
of the auditory or periotic capsule. As in most reptiles, the elements 
forming the capsules, i. e., the opisthotic and epiotic, are probably 
fused so that their exact identification is rendered someAvhat difficult, 
the prootic alone remaining differentiated in the adult. 

The prootic, as plainly shoAvn by the tAvo specimens. Cat. Xos. 5473 
and 5997, U.S.X.M., is bounded as folloAvs: Posteriorly by the 
opisthotic; dorsally by the supraoccipital, unless the epiotic be fused 
Avith that bone, a point, lioAveA^er, Avhich can not noAv be determined; 
anteriorly by the alisphenoid, and A^entrally by the basisphenoid. 
These relations are clearly shoAvn in the specimens studied, as the 
sutures remain distinct in both. 

In Cat. Xo. 5997, U.S.X.M., the prootic is all that remains of the 
lateral walls of the brain case, still attached to the basisphenoid, the 
alisphenoids, and orbito-sphenoids being present but detached from 
the rest of the specimen. As shoAvn by a third specimen, Xo. 5990, 
U.S.X.INI., these elements are united to the basisphenoid antero-pos- 
teriorly by pit-like, roughly sutured surfaces, but aboA^e they expand 
into a thickened Aving-like dorsal portion produced more especially in 
the posterior direction, Avhich extends backAvard and outAvard and laps 
along the median anterior surface of the outAvard extension of the 
opisthotic, uniting by horizontally striated sutural surfaces. AboA^e the 
large foramen (internal auditory meatus, see VIII, fig. 5), the suture 
betAveen the })rootic and opisthotic is nearly A^ertical up to the back- 
Avard projection of the former. The dorsal surface is united by an 
inclined sutural surface (see 5, fig. 5) Avith the overlying supra- 
occipital. The figure shoAvs the supraoccipital crushed upAvard from 
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^ jsition and thus exposes the ventral sutural surface 
\n juxtaposition, would unite closely with the transversel}" 
^-ned dorsal surface of the prootic. Anteriorly it presents a 
thickened sutural surface for union with the alisphenoid. Below, 
the anterior border is deeply notched by the foramen ovale. The 
upper exterior surface forms part of the lower inner boundary of 
the supi‘ateinpoi‘al fossa. On the lower median part of the lateral 
surface is a deep, vertical groove leading up to a foramen entering 
the brain case, which, from its position, should represent the exit of 

the seventh or facial nerve. 
(See VII, fig. 5.) 

In the skull of Trieera- 
tops^ Hatcher® was un- 
able to distinguish the pro- 
otic, and in DipJodoctfs^ 
Holland did not detect 
its presence. I n b o t h 
cases the region which it 
should occupy if pres(‘ut 
was considered a part of 
the alisphenoid. F r o m 
the facts brought out 
by a study of the skull 
of C (IV i ptomnriis which 
shows the presence of the 
otic elements in the di- 
nosaurian skull, I believe 
they will be found in both 
of the forms mentioned 
above. In this connec- 
tion it is of interest to 
quote from Huxley ® who 
says : The prootic is, in 

fact, one of the most constant bones of the skull in the lower verte- 
brates, though it is commonly mistaken, on the one hand for the 
alisphenoid, and on the other for the entire petro-mastoid.” 

The epiotic I am unable to recognize and if present, it occurs, as 
in most reptiles, fused with the supraoccii)ital, and no longer recog- 
nizable. 

Parietal. — As in most reptiles (excepting Chelonko Ichthyosanria^ 
and some Theromorplial) ^ the parietals in Gamptomarns are united. 
(See Plate 10.) An examination of two disarticulated skulls in which 




Fig. 5. — Lateral view of posterior portion op 
SKULL OF Camptosaurus dispar Marsh. Cat. No. 
.^>47a. U.S.N.M. ; g nat. size. AL fip., alispiie- 

NOID; ho, EASIOCCIPITAL : bs, BASISPHENOID ; C, 

groove LEADING TO FORAMEN THROUGH WHICH TUB 
CAROTID ENTERS PITUITARY FOSSA ; CXO, EXOCCIPI- 
TAL ; or, f)CriPITAL CONDY'LE : por, PARAOCCIPITAL 
PROCESS OF UPISTHOTIC ; p, pt, PRC>CESS FOR PTERY- 
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SUPRAOCCIPITAL, CRUSHED UPWARD FROM ITS NOR- 
MAL POSITION IN RELATION TO THE I’ROOTIC' WITH 
WHICH IT UNITES ; SO, SUPRAOCCIPITAL | V, FORAMEN 
OVALE ; VII, FORAMEN FOR SEVENTH OR FACIAL 
NERVE ; VIII, INTERNAL AUDITORY MEATUS ; IX, V, 
FORAMEN LACERUM POSTERIUS ; XII, HYPOGLOSSAL 
FORAMEN, AND FORAMEN FOR EXIT OF VEIN. 
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all other sutures are distinctly seen, failed to sliow any indication of 
an interparietal suture. Hulke® has observed that Ilypsilophodon 
foocii^ I f/uanodmi mmiteUL and C amjytosaurus {Iguanodon) presU 
xoichii all have unpaired parietals. 

Seen from above the parietals are comparatively short, heavy 
bones. Their lateral surfaces, which form the upper walls of the 
brain case, are smooth, concave antero-posteriorly and thus constricted 
medially into a rounded crest, and without the sharp median sagittal 
ridge found in I guanodon. Anteriorly the expanded end unites with 
the broad plate-like frontals by an angular suture. Laterally a pro- 
longation of the anterior portion of the parietal curves outward to 
meet the postfrontals, and Avith these bones form the upper anterior 
boundary of the suprateinporal fossa. Similarly the postero-lateral 
border turns outAvard, joining the squamosal aa ith Avhich it bounds 
posteriorly the upper opening of the fossa. Ventrally it encloses the 
upper portion of the supraoccipital. In the skull of 0. inedius^ No. 
1880, Yale Museum, the parietal has a transverse Avidth of 51 mm. at 
its middle. There is no parietal (pineal) foramen in Camptosaurus', 

Sg}iamosaJ. — The folloAving description of the squamosal of Camp- 
tosaurus^ found among Professor Marsh’s unpublished notes, is 
based on the left element of C. mediiis^ No. 1880, Yale Museum. 

The squamosal fits A’ery snugly on the head of the quadrate, and probably 
excludes the quadrate entirely from touching the paraoccipital process as in 
SpJu notion. In position it is most nearly related to that of Jgnarut. It has four 
distinct processes. The postfrontal i)i*ocess is \*ery thin, flat, and arched out- 
ward above. The sutural surface is rather more than I 5 inches in length, 
reaching to within a half inch of the tip of the quadrate. The head of the 
quadrate fits closely into a pit on the under surface. A slender [)rocess runs 
downward along the anterior exterior border of the quadrate containing the 
articulation for a third of the entire length. This corresponds in position to 
the same process on Sphcnodon that runs down to articulate with the quadra- 
tojugal. In the present case it is much more slender and probably does not 
reach that bone. 

The parietal process extends iiiAvard along the dorsal border of the 
l^araoccipital process to meet the outAvard-turned process of the parie- 
tal, the tAVO forming the upper posterior border of the suprateinporal 
fossa as in Stegosaurus. 

Frontals. — VieAved from above the paired frontals are irregularly 
five-sided bones, longer than Avide, Avith a flattened, smooth dorsal 
surface. Posteriorly they unite Avith the parietal and postfrontals, 
and externally Avith the post- and prefrontals. The postfrontal bor- 
der is couA^ex instead of concaAT and extends anteriorly much farther 
than as first indicated by Marsh. The iirefrontal border extends 
diagonally from the external border to the middle of the anterior 
end. A short, smooth surface betAveen the anterior and posterior 
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extremities of the post- and prefrontals on the external border con- 
tributes to the inner boundary of the supraorbital fossa, but to no 
such extent as shown in Plate 53, fig. 2, in “Dinosaurs of North 
America.” The orl)ital surface is large and concave antero-pos- 
teriorly in Cat. No. 5473, U.S.N.M., being separated from that of the 
opposite side hy an intermediate space of 30 mm. The internal 
median ventral surface is separated from the orbital surface by an 
irregular, longitudinal ridge. This internal surface constitutes the 
roof of the anterior part of the brain case for the reception of the 
olfactory lobes. 

Postfrontal, — The postfrontal is a three-ra}^ed bone, and resembles 
that of the Monitor most nearly, but its union is chiefi}^ Avith the 
frontals. One short, heaAy ray articulates Avith the postero-external 
angle of the frontal and forms part of the anterior boundary of the 
supratemporal fossa. A slender, posteriorly directed ra}^ articulates 
by a long, lapping suture with the anterior branch of the squamosal 
and Avith that l)one completes the upper temporal bar AAdiich forms the 
outer boundary of the supratemporal fossa. The third ray, the long- 
est of the three, unites by its strong descending process AAuth the jugal 
and thus forms the posterior border of the orbit. This process beloAV 
is trihedral in cross section. 

Prefrontal, — The presence of a prefrontal is plainly" indicated in 
tAVO specimens in Yale Museum, Nos. 1880 and 1887. It is the loAver 
external surface of this bone Avhich giA^es the main support to the 
supraorbital and its posterior outer boi’der forms a part of the inter- 
nal boundary of the supraorbital fossa. This element, as preserved 
in the aboA^e specimens, is too mutilated for detailed description. 

Quadrate. — I quote the folloAving description from Professor 
Marsh's \inpublished notes, kindl}^ placed at my disposal by Prof. 
R. S. Lull, of Yale UniA^ersit}^ Museum : 

The quadrate resembles most nearly that of Iguana Ijut more slender. Prom 
the side the posterior border is concave and above the middle is rather thin. 
The posterior “hamalar” process of the head is quite thin. The surface for 
the pterygoid is large and hollow'ed and formed b^^ thin bone. The articulation 
for the jaw is rectangular in outline and but slightly Comdex. From the front 
it is concave transversely throughout its whole length, deeply above, more 
shallow belOAv. 

Plate 9, fig, 2, shows the long, finger-like process of the pterygoid 
AAhich extends backAvard and laps along a thin, forAvardly directed 
process on the inner surface of the loAver part of the quadrate. The 
quadrate in the skull of C. mecUus,^ No. 1880, Yale Museum, is 115 
mm. in length. The external vicAV of this bone is aa’cII shoAvn in fig. 
2, qu. In Campfosaarus the quadrate is more curATd and lighter than 
the corresponding element in Iguanodon. 

Q)iadrato jugal . — The presence of this element is plainly hidicated 
in specimen No. 1887, Yale I^niversity Mu.seum (see Plate 8, qj). 
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It is a thin, subtriangiilar plate of bone which meets the jugal an- 
teriorly by a curved but nearly vertical suture. The greater portion 
of this bone overlaps the median external surface of the quadrate. 
It is entirely excluded from the boundary of the infratemporal fossa 
by an ascending branch of the jugal. 

Jugal . — The jugal is rather a wide bar posteriorly and is con- 
nected above with the descending process of the postfrontal and by an 
ascending process ^posteriorly with the quadratojugal and quadrate. 
It is not certainly known that this process reached the descending 
process of the squamosal as indicated in the restored skull. A 
curved, forwardly directed continuation of the jugal completes the 
lower boundary of the orbital opening, and undoubtedly articulates 
with the lachrymal, although this point could not be determined from 
actual observation. The above description is of the left jugal of 
No. 1887, Yale Museum. 

Nasals . — The nasals are very large, subtriangiilar bones, which 
form a considerable part of the upper surface of the skull. They 
unite posteriorly with the frontals and prefrontals and laterall}^ with 
the posterior process of the premaxillae, and slightly with the pre- 
frontal. Their concave anterior ends form most of the posterior 
boundary of the external nares. They terminate anteriorly on the 
median line as two points which meet the superior and posteriorly 
directed ^processes of the premaxillae. In skull No. 1887, Yale 
Museum (see Plate 7), the suture separating the nasals is distinctly 
shown anteriorly. 

Lachrymals . — The lachrymals are thin plates of bone wedged in 
between the maxilla, premaxilla, jugal, and prefrontal. Thej^ may 
have been slightly overlapped by the supraorbitals. They form part 
of the anterior boundary of the orbits. These bones were found 
m situ in specimen No. 1887, Yale University Museum (see Plate 7, 1.) . 

Su])raorhital . — The supraorbital has an expanded proximal articu- 
lar end. Posteriorly it tapers rapidly to a small, nearly round ex- 
tremity which remains free as in Iguana. The proximal end is 
roughened and deeply cleft, forming two surfaces which meet in the 
middle at an obtuse angle. IVhen in position these faces are opposed 
to the lateral surfaces of the prefrontal and lachrymal ( ?), as shown 
in Plate 7. It forms the external boundary of the supraorbital fossa, 
as in Iguanodon hernissartensis. There is no indication of a posterior 
supraorbital in Gamptosaurus as found in Iguanodon. In No. 1880, 
Yale INIuseum, the widest part of the supraorbital fossa was 14 mm. 
between the posterior end of the supraorbital and the exterior border 
of the frontal. Marsh’s drawing of this region of the skull api:)ears 
to be erroneous, as will be noticed by an examination of the recon- 
structed skull of Gamptosaurus medius^ in the Sixteenth Annual 
Report of the U. S. Geological Survey, Part II, Plate 53, figs. 1 and^, 
the fossa being too large, and incorrectly designated as orbit. 
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Premaxillary , — Two specimens, Nos. 1880 and 1887, Yale Museum, 
have the premaxilhe preserved, and the following description is 
based upon their study: 

In C amptosaunis the premaxilla3 are edentulous. The dentigerous 
surface anteriorly is expanded transversely, but posteriorly it con- 
tracts and sends backward and upward a thin, flat process which is 
intercalated between the maxillary and nasal. The posterior termina- 
tion appears to reach the prefrontal and has been so indicated in the 
restoration shown in fig. 2. I am inclined to believe it did not ex- 
tend quite so far posteriorly as Marsh has indicated in his recon- 
struction of the skull. 

A regularly curved snbtriangular process ilses from the antero- 
superior surface and forms the upper boundaiy of the narial orifice. 
Medially it is closely applied to its fellow of the opposite side but 
not ankylosed. Thickened below, it gradually tapers uj^ward to a 
point which meets the anterior extremity of the nasal at the summit 
of the external nares. The external surface of this process is very 

rugose and, like the rostral 
bone of Triceratops,^ was 
doubtless covered with a 
horny sheath which opposed 
a like covering over the 
predentary. At the base of 
this superior process is an 
oval foramen (see fig. G, /), 
which pierces the bone, and 
appears on the ventral sur- 
face. The left premaxil- 
’ary of No. 1880, Yale Museum, has a dentigerous surface 51 mm. 
in length. The greatest width of the expanded ends of the premax- 
illae in this specimen is 41 mm. On either side of the median junc- 
tion of the anterior ends are small rounded protuberances, separated 
medially V)y a shallow cleft. 

The principal characters of the premaxillary are well shoAvn in 
Plate 7, fig. 1. 

The maxillary , — As shown in fig. 7, the general outline of the 
maxillary is that of an irregidar triangle. Dorsally it develops a 
slender, backwardly directed process which, in Xo. 1S8G, Yale ]\Iu- 
seum, rises to a height of 50 mm. above the external dentigerous 
margin. From the posterior base of this ascending process, the 
upper border gradually descends to 20 mm. above the last tooth. 

Throughout nearly the whole length of the external surface, some 
10 to 12 mm. above the border, the maxilla is pierced by a series of 
foramina. None of these, howevei*, lead into the dental chamber but 
are received in a large, elongate cavity situated at the base of the 
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dorsal process between the thin inner and outer walls, and which 
ojxms ]:)()steri()rly. The foramina, in passing through the outer wall, 
are directed obliquely backward and appear to leave the maxillary 
jmsteriorly through a common channel or groove on the superior 
surface of the inner shelf-like projection of this part of the bone. 
This is well shown in the left maxillary of Cat. Xo. 5818, U.S.X.M. 
They probably transmitted the nerves and blood vessels leading to the 
lips. Above this row are still other irregularly placed foramina as 
shown in fig. T. The slightly concave dentigerous surface in No. 
1880 has alveoli for 10 teeth. In advance of the most anterior tooth a 
thin, flattened process is sent forward which underlies the posterior 
ascending process of the premaxillary. Viewed from above the maxil- 
lary remains about the same width throughout the median part, but 
the inner border of the posterior end is diagonally truncated. On 
the internal side just above the tooth row is another series of 
foramina which probably transmitted nerves and nourishment to the 
teeth. 




Fig. 7. — Lateral view op left imaxillary of Camptosafrijs. No. ISSC, Yale Mfset^m. 

I NAT. SIZE. 

The exact relationships of the maxillary to the surrounding ele- 
ments can not be determined further than what is shown in fig. 2. 

EXTERNAL OPENINGS IN THE SKULL. 

Foramen magnum . — The foramen magnum is large as compared 
with the size of the brain cavity, suboval in outline, being wider above 
than below, the longer diameter being vertical. It is bounded below 
by the basioccipital, on either side by the exoccipitals, and above by 
the supraoccipital (see fig. 4, fm.). 

Sufratemforal fossae . — The supra temporal fossae are situated one 
on either side of the parietals. They are bounded anteriorly by the 
postfrontals and parietals; internally by the parietals; posteriorly 
by parietals and squamosals; externally by the squamosals and a pos- 
terior prolongation of the postfrontals. These openings arc propor- 
tionately much larger and more elongate than in Stegosaurus. 

S u praorhital fossa . — The supraorbital fossa is bounded anteriorly 
by the prefrontal and supraorbital; posteriorly by the postfrontal; 
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extei'iially by the inner surface of the siipraorbitaL It is not cer- 
tainly knoAvn wliether the external border ^vas entirely closed by the 
development of a j^ost-siipra orbital as found in Igucuiodon heniissar- 
fe/tsis, 8o far as I am aware, Oamptosaurus is the only American 
dinosaur having such a fossa. When skulls of Laosaimis and 
Dryosaiinis are known, similar openings will probably be found. 

hifratemporal fossa , — The infratemporal fossa is bounded above 
by the posterior branch of the postfrontal; behind by the descending 
process of the squamosal and ascending process of the jugal; beloAV 
by the jngal, and in front by the ascending and descending process 
of the jugal and j^ostfrontab respectively. Proportionately this fossa 
has no such development as is found in Iguanodon,^ where it is greatly 
elongated dorso-ventrall}". 

There are no preorbital fossae. 

Orhital caritles , — As indicated by the extent of the orbital surfaces 
on the postfrontals of Cat. No. 5173, U.S.N.M., these cavities must 
have been of good size. Their exact contours, however, are somewhat 
problematical, as none of the cranii studied have the boundaries of 
the orbits intact, but, as interpreted, the reconstructed skull (see <9, 
fig, 2), which was drawn after a careful study of all available 
material, is believed to be a fairly accurate representation of their 
shape and size. They are bounded above on the outer margin by the 
supraorbitals and postfrontals; behind by the descending process of 
the postfrontals and ascending process of the jugals; beloAv by the 
jugals; in fi*ont by the jugals, lachrymals, and supraorbitals. There 
is no indication of a postorbital in Camptosau70is, 

The narial opening, — The narial opening is well shown in No. 1887, 
Yale Museum (see Plate 7), after which this region of the figured 
skull was drawn. It is of good size, snboval in outline, with its 
greatest diameter inclined to the longer axis of the skull, as in 
Igiianodon hernissaHensis, Excepting the posterior border, which 
is formed by the nasals, the remainder oi the orifice is inclosed 
by the premaxillaries. Anteriorly, the roughened ascending process 
of the premaxillaries roof over somewhat the lateral openings. 

Lessen foramina , — The well preserved posterior portion of the 
skull of Cat. No. 5473, U.S.N.M., shows with unusual clearness the 
smaller foramina of this region (see figs. 4 and 5). By a comparison 
with the foramina in other reptilian skulls of both fossil and recent 
forms, and by examining the relations of the various foramina to 
one another, it is believed they have been determined with a consider- 
able degree of accuracy. 

Beginning with the most posterior, we find on the lower lateral 
margin of the exoccipital a pit-like depression, from the bottom of 
which two foi-amina pierce the exoccipital, entering the brain case 
just within the external opening of the foramen magnum (see XII, 
figs. 2 and 5). In passing through the wall they diverge somewhat, 
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their internal openings being 5 mni. apart, the anterior being the 
smaller and occupying a more ventral position. It was first thought 
that both of these foramina belonged to the hypoglossal, and I find 
that Andrews® has so interpreted similarly placed oj^enings in the 
skull of Iguanodoio although he suggests that the spinal accessory 
may have occupied one. Hatcher^ considers that in Tviceratop^ the 
two posterior foramina transmitted the XII and XI nerves. 

I am inclined to the opinion, however, that the second and more 
ventrally placed foramen was for a vein, as found in the living 
crocodile, the fii‘st being the true hypoglossal foramen (see XII, 
fig. 5). A few millimeters anterior to the opening for the twelfth 
nerve is a third foramen, shown IX and X, fig. 5, which is identified 
as the foramen lacerum posterius, through which the pneumogastric, 
vagus, and glossopharyngial nerves were transmitted. This foramen 
extends forward diagonally through the exoccipital, passing out on 
its anterior border into a large foramen (see VIII, fig. 5), between 
the exoccipital, opisthotic, and prootic, just before the latter enters 
the brain case. Externally the foramen lacerum posterius is sepa- 
rated from the foramina posteriorly by a weak vertical ridge, and 
anteriorly by a heavier rounded ridge which rises near the base of 
the exoccipital and extends diagonally upward and backward, fading 
out on the lower border of the paraoccipital process. Six millimeters 
anterior to the foramen lacerum posterius is another small foramen 
which passes through the antero-external corner of the exoccipital, 
and also opens into the large foramen mentioned above. Its function, 
however, is unknown. 

PToni the position of the large foramen (VTII, fig. 5), bounded 
principally by the otic bones, I identify it as the internal auditory 
meatus, through which the auditory nerve leaves the cranial cavity 
and enters the internal ear. This interpretation appears to be 
approximated in the long, slit-like internal auditory meatus in 
extant Crocodila, which is also bounded by the opisthotic, prootic, 
and exoccipital. As in the crocodile, there is no ossified division of 
this opening into the fenestras ovalis and rotunda. 

Eight millimeters anterior to the internal auditory meatus, a small 
foramen pierces the median paid of the prootic which is considered 
the exit of the seventh or facical nerve (see VII, fig. 5), Below, a 
deep, vertical depression leads up to this foramen from the slit- 
like fissure on the lateral border of the basisphenoid through which 
the carotid enters the pituitary body. 

Huxley® writes that in all higher Vertebrata “the third division 
of the trigeminal or fifth nerve always leaves the skull behind the 



® Annals and Magazine of Natural History, Otli ser., XIX, 1807, p. 500. 
^xMon. U. S. Geol. Siirv., XLIX, 1007, i>p. ^7, fig. 31. 

^‘iVnatomy of Vertebra ted Animals, 1872, p. 70. 
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renter of the alisplienoid and in front of the pro-otic/’ Following 
this definition it locates at once the foramen ovale as the large open- 
ing (V, fig. 5) between the union of the alisphenoid and prootic, 
wliich is lai'gely inclosed the prootic, the alisphenoid forming only 
the anterior boundary. In assigning a similarly placed foramen to 
the third nerve in a skull of Hypsilophodon^ Hulke® appears to be 
in error. 

The determinations of the foramina of this region differ some- 
what from those of Andrews for the skull of 1 gmuiodon^ due to the 
ditferent arrangement of the foramina entering the foramen lacerum 
])osterius, Ignanodon having both an anterior and posterior branch 
instead of being single as in Camptosaurus, 

The pituitary fossa is deep, extending considerably below the floor 
of the median vesicle. Its ventral posterior angles mark the posi- 
tions where the internal carotids enter tlie cavity diagonally from 
deep external fissures on the sides of the basisphenoid shown at c, 
fig. 5. 

Xone of the skulls studied show the relations of the foramina 
anterior to those for the branches of the trigeminal or fifth nerve. 

It is unfortunate that there is not a brain case siifticiently complete 
from which a cast of the brain cavity might be made, for it would 
show at once the great similarity to the brain of I giianodon as 
described by Dr. C. AV. Andrews. . The ventral surface of the 
supraoccipital of Cat. Xo. 5478, U.S.X.AL, if cast would show the 
same compressed cerebellum rising high above the hemispheres. This 
higli dorsal development of the brain apj)ears to be pecadiar to 
CampfomuruH and I gitanodoit^ although there is a suggestion of it 
in the brain casts of some of the trachodont reptiles. 

Tin: LOWER JAW. 

A complete jaw of (Utmpfosanrv>^ is unknown, but a study of well 
]>reserved parts, representing several individuals which supplement 
one another, shows that each ramus is formed of seven separate bones, 
the two rami being joined anteriorly by a ])redentary. The arrange- 
ment of the bones of the posterior lialf of the ramus are admirably 
shown in Xo. 1887, Yale iMiiseum (see Plates 8 and 0), and the 
description of this region is based principally upon a study of this 
specimen. 

The devfary, — The dentary which forms the anterior half of the 
jaw is the largest of the elements composing it and bears along the 
outer part of its dorsal border aveoli for 15 teeth — on the inside 
]fi can be counted (see 2, fig. 8). Anteriorly it is somewhat com- 



Quart. .Toiirn. Oeol. Soc. London, XXXVI, 18S0, jk 4Ur>. 
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pressed transversely with a part on the lower border of the anterior 
end, whicli curves in and was united with the dent ary of the opposite 
side by cartilage only (see fig*. 8), Ilulke's description of the an- 
terior part of the mandible of Ilyiisilophodon as having a ‘'spout- 
like symphysial end*’ apt I}’' describes this region in C amptosaurus. 
l^osterior to tlie symphysial surface the dentarv swells somewhat 
ti'ansversely, but remains about the same depth throughout the den- 
tigerous part, the upper and lower borders being m^arly parallel. 
The lower border is almost straight, as shown in fig. 8. A short, 
blunt process rises from the dorsal surface just posterior to the last 





Fig. 8. — (1) External view op left dentary^ Camptosaurus. No. ISSG, Yale Mr- 

SEUM, I NAT. SIZE. f, CORONOID PROCESS ; m, MENTAL FORAMEN ; SI). SURFACE FOR 
PREDENTARY. (2) INTERNAL VIEW OP SAME. C, CORONOID PROCESS; Ulf, MANDIBULAR 
FORAMEN ; SS, SYMPHYSIAL SURFACE. 



tooth and gives support on the internal side to the coronoid (see (\ 

fig. 8). 

Just beneath the base of the coronoid process there is a deep cavity 
(m/., 2, fig. 8) opening on the infero-internal surface of the den- 
tary and extending forward nearly its entire length. This mandi- 
bular fossa is present in most reptilian jaws, and in Camptosaurus 
is inclosed principally by the overlapping splenial. Posteriorly the 
dentary is in contact with the angular, surangular, and ])rearticular. 
The dentary unites with the predentary by an oblique surface on the 
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anterior end, commencing dorsally just anterior to the aveoli of the 
most anterior tooth, and terminating vent rally in a point above the 
lower border of the dentary. xV concave ventral surface posterior to 
the anterior point or projection on the inward extension of the den- 
tary, foi' cai’tilaginons union with its felloAv of the opposite side, ap- 
parently represents a surface for the reception of a posterior branch 
of the predentary after that found in Stegosaurvs and T nceratops. 

On the outer side of the dentary, about 20 mm. below the superior 
border, there is a series of foramina that extends the length of the 
bone. These doubtless served for the transmission of nerves and 
nutrient blood vessels to the lips. 

The largest foramen on the external surface near the lower anterior 
end of the dentary at 1, fig. 8, probabl}^ represents the mental 
foramen through which a branch of the fifth nerve emerges. 

The more important characters of the dentary of Camjytosaunis 
are well shown in fig. 8, drawn from the left dentary of Xo. 188G, 
Yale iMuseum. 

Suran(j}d(u\ — Externally the surangular meets the dentary and 
coronoid ( 0 posterior to the coronoid process by a nearl}" verti- 
cal suture, and forms the upper border of the jaw, extending back- 
ward and downward to its posterior extremity. Ventrally it unites 
for its full length with the superior border of the angular. Its 
upper posterior surface is excavated and forms the external part of 
the cotyliis for the articulation of the (juadrate. There is a pro- 
nounced external mandibular foramen (see sf^ fig. 2) on the outer 
median surface just posterior to its union with the dentary, as in 
T nceratops prorsus and I guanodon. hernissartensis. 

Ang}di(i \ — The angular forms the lower portion of the posterior 
third of the ramus, being wider in front than posteriorly. On the 
external surface, anteriorly, it is overlapped by a broad, thin, pos- 
terior finger-like ]3rolongation of the dentary, as shown in figs. 1 and 
2, Plate 8. Dorsally it meets the surangular and prearticular, and 
in conjunction with Ihese elements, inclosed and held in position the 
small, block-like articular. On the anterior internal side it is over- 
lapped by a posterior prolongation of the splenial. (See Plate 9.) 

Articular, — The articular is a block-like bone higher than wide, 
and, as in many reptiles, when in position was probabl}^ the most 
posterior element of the mandible. In Xo. 188T, Yale University 
Museum, as shown by fig. 1, Plate 9, the articular has been crowded 
up and foi'Avard from its normal position in the jaw. It could not be 
determined whether there was an anterior prolongation of this bone 
lying between the prearticular and supra-angular, as this region is 
still enveloped in a hard sandstone matrix. 

Preartiodar, — In specimen Xo. 1887, Yale Museum, there was 
found to be an extra element oil' the postero-internal side of .the 



NO. 



Om^EOLOaV of CAMPTOSAVlWS—aiLMORF. 



221 



ramus, which, from its position, T have identified as the prearticular, 
]\Iarsh considered this bone the articular, as is indicated by the abbre- 
viation ‘'art/' still remaining on the specimen and plainly shown in 
fig. 1, Plate 9, i‘eproduced here from a photograph. This inter- 
pretation, hoAvever, leaves the small element on the supero-posterior 
j)art of the jaw without designation. That these two bones are dis- 
tinct elements there can be no cpiestion, as all of the sutures in this 
specimen are clearl}^ defined, and, moreover, the posterior part of the 
ramus of Xo. 1880, Yale Museum, shows the articular in position 
while the prearticular has been displaced and is missing. 

Dollo" considers an clement occupying a similar position in the 
jaw of I guanodon hernissartensis the surangular. I am inclined to 
believe that this element represents the prearticular and that the 
surangular is on the supero-external part of the posterior end of the 
ramus, as in C amjytosaurus^ but which he indicates as the articular. 
The presence of an exteinal mandibular foi-amch occupying rela- 
tively the same position as found in the surangular of (^amptosanrus 
(see fig. 2, sf) is also suggestive of the correctness of this inter- 
pretation. 

Tn C amptosaurus the prearticular is an elongate bone lying dorsal 
to the supero-internal border of the angular, and extending nearly 
if not fully to the posterior termination of the jaw. Anteriorly its 
forward extremity is covered by the OA^erlying splenial. Its upper 
posterior border is concaA^e and, Avith the surangular and articular, 
forms a cot}doid surface for the quadrate. In comparison Avith the 
size of the end of the quadrate this surface is capacious, an arrange- 
ment AAduch Avould haA"e permitted of free moA^ement of the jaws 
upon the quadrate. On the internal median surface, just before this 
element disappears under the splenial, may be seen an elongated OA^al 
foramen, Avhich probably represents the internal mandibular foramen 
of most reptiles (see /, Plate 9, fig. 2). I do not knoAV that this 
element has been obsei’A^ed before in a member of the orthopodous 
dinosaurs, although it is present in most turtles and members of the 
Pelycosauria, and it AA^ould appear to indicate a primitive arrange- 
ment of the elements of the mandible.^ 

Splenial. — The* splenial is a comparatively thin, flattened bone 
applied to the inner surface of the ramus. On the loAA^er posterior 

a Dollo, Bull. Bruxelles Mus. Roy. d’Hist. Nat de Belgique, II, 1SS3, nl. ix, 
fig. 3. 

^ Williston giA’es an interesting discussion of this element in his description 
of DoVdtorhynrhops (Field Columbian Mus. Pub. No, 73, Geol. Ser., II, No. 1, 
1903, pp. 29 to 32). He calls attention to the fact that Baur (Aiiier. Nat., 1891) 
believes that the element usually considered the articular is composed of two 
bones in the young Spheiiodon and the conditions found in the .I'aAA’s similar to 
those of the Testudinata. Baur assumes these elements to be i)resent in all 
reptilian mandibles, but in the adult skull their identity becomes obliterated by 
the ankylosm of the suture. 
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border it sends back a thin, finger-like process which laps along the 
anterior internal surfaces of the angular and prearticular. From 
an examination of mutilated specimens it appears there was a long 
tapering anterior process which covered over the mandibular fossa 
in the dentarv, and extended nearly to the anterior symphysisal end. 
It met the coronoid by a horizontal suture below the level of the 
functional teeth (see fig. 2, Plate 9). The median ventral border 
is swollen transversely and extends below the dentary and angular, 

and is visible from a lateral 
view of the mandible. 

Covonoid. — The coronoid 
is a small, flattened bone 
roughly triangular in outline. 
It unites ventrally with the 
splenial, dentary, and sur- 
angular, and the lower ex- 
ternal surface laps along the 
internal surface of the short 
dorsal process of the dentary, 
extending above it and ter- 
minating in a compressed, 
rounded end. Its general 
outline is shown at co., fig, 2, 
Plate 9. 

Predentarij—'Y\\{^ preden- 
tary is unknown, but after a 
comparison of camptosaurian 
remains with those of allied 
forms, I am inclined to the 
opinion that when found it 
will be more after the pat- 
tern of I giianodon than of 
Trlceratops^ as ^farsh has in- 
dicated it in the first restora- 

OF rOSTERIOR BORDER; C, INNER VIEW. AFTER tioil of tllC maildible. Ill tile 

restoration of the skull (see 
fig. 2) , the predentary as drawn is a modification of that of Icjuanodon, 
The teeth . — The teeth of both upper and lower jaws when unworn 
are spatulate with serrated margins. A representative tooth selected 
for description from the maxilla measures 38 mm. in length, of which 
19 mill, belong to the crown. The root is cylindrical, gradually taj^er- 
ing from the base of the crown to its end. As shown by broken teeth, 
there was a large pulp cavity extending well up into the crown. The 
outer surface of the upper and the inner suidace of the lower teeth are 
sculptured by longitudinal ridges passing from the union of the 
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Fig. 9.^ — (1) Tenth ih’fer tooth; (2) fifth 

LOWER TOOTH OF CAMPTOSAURFS MEDIUS 

Marsh. No. 1880, Yale Museum, IIolo- 
TYPE, Nat. size, a, oitter view ; b, view 
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crown and root to the upper border of the former. Every tooth 
shows one pronounced longitudinal ridge, which is always, whether 
it be upper or lower, posterior to the median line, having on each 
side a varying number of secondary ridges (fig. 0). There are more 
of the secondary anterior to the main ridge than there are posterior. 
The secondary ridges are also more numerous and stronger in teeth 
of the upper than in those of the loAver jaw, a character which serves 
to distinguish detached teeth. Maii}^ of these ridges subside before 
reacliing the base of the crown; none are serrated as is the case in 
the teeth of Iguanodon. The teeth at either end of the dental series, 
whether it be up|)er or lower, are slightly smaller than those inter- 
mediate. The contour of the larger teeth appears to be less angular 
than the smaller. Both upper and lowei* teeth are curved longi- 
tudinally, this curvature inclining the crowns of the upper teeth 
inward to meet those of the lower jaw, which are similarl}^ inclined 
outward. Nearly all crowns which project fully above the level 
of the outer bor- 
der of the alveolar 
process show marks 
of wear, being ob- 
liquely ground. 

The ridged surface, 
having thick en- 
amel, stands longer 
and forms a cut- 
ting edge, which at 
first is serrated, but 
later becomes sin- 
uous as the longi- 
tudinal ridges become cross sectioned. The inner surfaces of the 
crowns are smooth, gently convex antero-^^osteriorly, and unsculi)- 
tured, the terminal marginal serration showing slightly upon it. 
When much worn these spa tula te teeth are reduced to flattened stumps, 
as shown in the figures. Ilulke'' says of the teeth of Ilijpsdophodon : 

By the time the crown is worn to the level of the aveolar border of 
the jaw, the tapering cylindroid root has been absorbed, so that a very 
slight force would suffice to detach the remnant in this condition.'’ 
In C amptosaiiTus^ however, they appear to be forced out before the 
absoi'ption of the root, as will be seen by an examination of figs. 8 
and 10. 

The arrangement of the teeth in a longitudinal and vertical series 
is well shown in figs. 8 and 10. Successional teeth in the dentary are 
seen below and between those of the functional row. In the maxilhu 
these teeth descend as usual on the inner side of those in use. Thus, 
in the upper jaw they replace on the unscnlptured and in the lower 




Fig. 10. — Internal view of right dentary. Camptosaurus 
DISPAR? Marsh. Cat. No. .5810, TT.S.X.M. \ nat. size. 
a , anterior end; b , dentarv ; ji , posterior end. 
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on the sculptured sides of the functional teeth. There ap^^ears to be 
only two teeth in a single vertical series. In the dent ary of Cat. No. 
5819, U.S.N.M. (see fig. 10), four phases of the siiccessional teeth are 
shown, (1) stumps about to be slied, (2) teeth whose crowns are iu 
full wear, (3) germ crowns which liave only partly emerged and not 
3 ^et in use, (4) tips of germ crowns just appearing above the inner 
parapet. 

The dentary, as shown by several individuals, bears from 14 to IG 
teeth, and the maxillaiy probably an equal number. As sliown in 
figs. 8 and 10, the teeth appear to rise as two or more oblique rows, 
those posterior being the higher in each row. None of the jaws 
studied show the regular arrangement of the teeth found in Iguano- 
don^ as figured by Dollo.® 

All of the maxilla) and dentaries examined show a great irregu- 
larity of the functional row as exhibited in figs. 7, 8, and 10. 

Nicholson and Lydekkei* ^ were the first to point out that the teeth 
of Camptosanrus '' were somewhat similar in their structure to those 
of I(j}auiodon^'^ but bv most authorities they are considered simpler 
in their sculpturing. 

IlyokL — That there is a well-developed In^oid in C amptosanrus 
is shown by specimen No. 1887, Yale Museum (see 7z, fig. 2, Plate 9), 
which has the thyroly^al of the left side preserved nearl}^ in situ. 
It is an irregularly rounded curved bar with a slightly expanded, 
rounded, anterior extrelnit 3 ^ Posteriorly it gradually tapers to a 
small, smooth, round end. Marsh '' has called attention to the i*e- 
semblance of this element to the hvoid in I (juanodon. 

The princi])al measurements of this element of a veiy large indi- 
vidual are as follows: 



As nearl}^ as can be determined, the vertebral formula of Camp- 
tosaanis is as follows: Cervicals, 9; dorsals, 10? ; sacrals, 4 or 5; cau- 
dals, 44-|-. There are no true lumbars. 

In giving the formula as above, the cervicals ma^^ be considered 
absolutely determined, as shown by complete necks in four dif- 
ferent individuals. Specimens Cat. Nos. 4282 and 2210, U.S.N.^I., 
agree in having IG dorsals, the most posterior of which is 
modified to give some support to the first sacral rib, and should 
properh^ be considei*ed a sacro-dorsal. T have considered as sacrals 

r.ull, Kriixelles Mas. lioy. d’Hist. Nat. de Ueljjique, 11, 18So, pi. i\, lig. 

^Manual of Paleontology, p. 1150. 

^Amer. Journ. Sei., XLVII, 1894, p. 24G. 
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only those vei’tebi\T which support sncral ribs, and this interpreta- 
tion does not include all of those sutured b}" their centra in adult 
individuals, as will be discussed later. In tlie two specimens re- 
ferred to above, there are preserved 33 and 34 caudals respectively, 
and I have estimated that probably nine or more would be required 
to complete the series. In regard to the caudal series in Oampto- 
murus, it ajDpears to agree approximately with the number found 
in complete specimens of Iguanodon^ which varies from 40 to 48. 

The atlas , — The atlas is composed of four separate pieces, the in- 
tercentrum, two neural arches or neura centra, and the odontoid 
process. The intcrcentrum is a subcrescentic block of bone, the longer 
axis being transverse. Viewed from above, the median surface is 
concave, forming a hollow in which the anterior rounded portion of 
the odontoid rests. The anterior part of this concave surface is more 
deeply excavated, forming a shallow, transverse groove in which a 
corresponding ridge on the antero-inferior surface of the odontoid 
fits. On either side of the median depression are the articular faces 
which look upward and outward, and on which the pedicles of 
the neuracentra rest. The i^osterior view pi-esents a nearly vertical 
face, rounded only on the median inferior border. Iiiferiorly and 
on either side are well developed facets for the articulation of the 
cervical ribs of the atlas. The anterior face superiorly is deeply ex- 
cavated, forming the lower portion of the cup for the reception of 
the occipital condyle, the anterior border being lip-like where it 
underlaps the articular surface of the condyle. 

None of the specimens studied has the upper expanded ends of the 
neuracentra complete. The articular end is about evenly divided into 
two faces which meet at an obtuse angle. The posterior face rests 
upon the intercentrum, while the other looks forward and downward 
and forms part of the cup for the occipital condyle. Above the 
articular end just described, the shaft is constricted, but superior to 
this neck it widens again, but as to its further extent the available 
material shows this part to be lacking. As in other dinosaurs, the 
neuracentra articulate posteriorly with the anterior zygapopyses of 
the axis. 

The odontoki is slightly cupped posteriorly, and though closely 
applied to the axis, shows no indication of coalescence in any of the 
specimens studied. The iqDper surface forms the floor of the neural 
canal and is slightly concave transversely. The anterior half of the 
odontoid is slightly constricted, forming a short neck (see 1, fig, 
11). Inferiorly the surface is rounded, the posterior half having 
a smooth, transversely rounded articular ‘surface which is in contact 
with the upper concave surface of the intercentrum. The smooth 
anterior end is rounded both vertically and horizontally where it 
abuts against the posterior end of the occipital condyle. In passing, 
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it uvc\y be of interest to note that the atlas of Stegosaurus is, in 
near]}" all respects, very similar. 

Measurements of atlas, ^pceimen Cat, Xo, 5.^75, U.&.N.M, 

m m. 



Greatest length of iiiterceutriim antero-posteriorly ^ 23 

Greatest width of intercentrum 58 



The axis , — The axis of specimen Cat. Xo. 5473, U.S.X.M., as 
preserved is fairly complete, and it is upon this that the following 
detailed description is based, although many of the facts are sup- 
plied from the incomplete axes of Cat. Xos. 2210 and 5474, U.S.X.M., 
and 1877, the holotype of C, dlspar^ in the Yale University Museum. 

The centrum is plano-concave, the cup being moderately deep. 
Medially the centrum is constricted both laterally and inferiorly but 
without ventral keel. The anterior extremity is more expanded later- 
ally than the posterior, the width of the former exceeding the total 

lengfh, as shown in fig. 12. On 
the lateral median surfaces are 
two small vascular foramina. 
These are not present, however, 
in the axis of Cat. Xo. 5474, 
U.S.X.M., but are represented 
by shallow cavities or depres- 
sions. 

The neural arch is composed 
of two parallel plates of bone, 
which, as they rise from the 
centrum, gradually converge, 
uniting above and forming a 
sh a r p median longitudinal 
crest. Transversely the neural 
spine is compressed, but it extends out over the centrum at either 
end, more especially the posterior (see fig. 11). This portion of the 
spinous process rises somewhat and flares out into a comparatively 
thin frill-like plate which overhangs the centrum of the succeeding 
vertebra. Posterior zygapophyses. which look downward and out- 
ward, are well developed on the lower borders of the overhanging 
part. The anterior prolongation of the spinous proce.ss is hardly 
more than an anterioi* development of the median crest. Although it 
appears that the anterior zygapojihyses were probably present, this 
part of the bone in all of the specimens studied is damaged, and their 
shape and position could not be determined. 

A weak diapophysial process which extends outward and down- 
ward (see fig. 11), is developed on the median, infero-lateral sur- 
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Fig. 11- — (1) Axis and portion of atlas of 

rAMI’TOSACRUS DISPAR MARSH. CAT. NO. 
0473, U.S.N.M., SIDE VIEW, I NAT. SIZE; 

(1.*) POSTERIOR VIEW OF SAME; UX. iu, .SEC- 
OND INTERCEXTRCM : HL\ NECRAL CANAL; O, 
odontoid; DIAPOPIIYSES ; p. POST- 

ZYGAPOPHVSES ; S, NECRAL SPI.NE. 
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face of the pedicle of the arch. Viewed posteriorly the neural canal 
is siibelliptical in outline, the longer axis being vertical. 

The most striking feature of the axis is the presence of a second 
intercentruin firmly co-ossified with the inferior surface of the an- 
terior extremity of the centrum. Attention has been called to this 
element in a former paper" as follows: 

In comparing the axis of Movosaunis agiUs with the homologous parts of 
other Diiiosaurian specimens in the V, S. National 3Iusenni, the writer foniul, 
on the axes of two individuals of the genus Camiitosaurus, intercentra attached 
by suture to the centra of the axes. So far as tho writer is aware, this element 
has not been ohserved before in a representative of the Orthopoda. In the 
smaller (No. 5474, U.S.N.M.) and probably younger specimen the interceutrum 
has been somewhat crushed out of position, but in the larger specimen (No. 
5475, I".S.N..AI.) it is retained in place. * * *. 

Inferiorly the intercentrum of Caniptosanras is roughly subelliptical in form, 
(he longer axis being tranverse. It is closelj’ united by 
suture to the lower half of the anterior end of the 
centrum, forming a prominent lip-like projection which, 
when articulated, underlaps somewhat the centrum of 
(he atlas [see fig, 12]. In a fully adult si)ecimen this 
element would imobably become coossified, as in J7r>/-o- 
sduniH grand is, and thus lose its identity. Viewed 
from the side, it is triangular in form, the deepest 
portion being next to the centrum. The inferior sur- 
face is gently convex transversely and slightly concave 
antero-posteriorly. Seen from the front, the center has 
the greatest vertical depth, the upper margins gradu- 
ally sloping down to the lateral borders. The anterior 
face is smooth and somewhat concave snpero-inferiorly. 

There are two small pits on the median anterior part 
of the inferior siirface. The presence of an axis inter- 
centrum in both the Opisthocoelia (Sauropoda) and 
Orthopoda (Predentata) tends to confirm somewhat 
the contention of :Marsh and Hatcher that the Dino- 
sauria is a natural group, and in the examples cited 
here it should be considered a persistent primitive character which was present 
in a remote but common ancestor. 

The second intercentrum is also present in the typical skeleton of 
Camptosaurm iianus, although not suturally united. 

In 1880 Lydekker ^ called attention to the axis of a dinosaur from 
the Wealden of the Isle of Wight, which had an axil intercentrum 
attached to it. After comparing it with Marsh’s figures of the axis 
of Ceratosmivvs nasicornis (holotype, Cat. No. 4735, U.S.N.M.), he 
considers the general resemblance so close as to indicate the prob- 
ability of its belonging to the same suborder. He says: “ It therefore 
seems highly likely that it may be referable to the Wealden species 
of Megdlosaurus or to a nearl}^ allied form.” 




Fig. 12. — Ventral view 

OF ATLAS AND AXIS OF 
CAMPTOSAURUS DISPAIl 

ilARsn. Cat. No. 5473, 
U.S.N.M. ; I NAT. SIZE. 
at. in, ATLAS INTERCEN- 
TRUM ; ax, AXIS ; ax. in, 
SECOND INTERCENTRUM ; 
r, FACETS FOR RIB. 



" C. W. Gilmore, Proc. U. S. Nat. Mus,, XXXII, 1907, p. 164. 
^ Quart. Jouru. Geol. Soc. London, XLV, 1889, pp. 44, 45. 



228 



PROCEEDIXaS OF THE NATIOXAL MUSEUM. 



VOL. XXXVI. 



After a comparison of Lydekker’s figures of this specimen (see fig. 
13) with the axis of Camptosaarus^ and noting the many similarities 
in proportion and position of the processes, together with the presence 
of an intercentrnm on both and the absence of a ventral keel on the 
centrum of the British specimen, so plainly shown on the axis of 




Fio. 1.3. — Left latekal, vextral, axd axtekior aspects of the axis op ax Ortiiopo- 
DIS? DIXOSAI’E FROM TUB WEALDEX OF THE ISLE nF WiGIIT XO. II. 14I*J BRITISH 
Museum, h xat. size. </. diapophyses: parapophyses ; e , secoxd ixtercextrum ; 

(1, akticulatiox i'ou odoxtoid process : e, articulatiox for ixtercextrum of atlas. 
After Lydekkeu. 

Cerafostuirys. I am quite convinced tliat this axis pertains to one of 
the orthoi)odoiis dinosaurs rather than to one of the carnivorous 
forms. It might ])ossibly be referred to Camptos(unv(H ? raldensls 
Lydekker. also from the Wealden of the Isle of Wight. 



Mvasurniicnts of .Sprcinini. Cut. Xo. 5^73, U.S.X,M. 



m m . 

Greatest len.utli of centnim of axis ^ 00 

Greatest width anterior extremity. oh 

Greatest widtli iiosterior extremity 45 



The third cerrical . — The third cervical may be distinguished by its 
plano-concave (platyccelian) centrum and by the fact that if the 
planes of the articular surfaces were produced ventrally thej^ would 
intersect within a foot below the venti*al surface of the centrum (see 
Plate 12). In the succeeding cervicals just the opposite condition 
is found, that is, the produced jdanes of their articular ends would 
meet dor.sally. In the articulated cervicals the upward curve of the 
posterior cervicals changes with the third vertebi-a to a forward and 
doAvnward direction, thus giving the neck a graceful sigmoid curve 
very bird-like in character. 

The lateral surface of the centrum is con.stricted ti’ansversel}", but 
flares out posteriorly. The centrum is more regularly rounded, the 
sides being convex vertically, and it lacks the decided ventral keel 
found in the cervicals which follow. 
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There is a well-developed capitular process on the side of the 
centrum near the anterior end just below the neuro-central suture, 
and a weak tubercular process near the middle lateral surface of the 
neural process, posterior and below the level of the prezygapophyses. 
As in the axis the neural canal is large, being higher than wide, with 
thin walls. 

The postzygapophyses are a pair of slender, divergent processes 
which extend iq:)ward, backward, and outward, their articular faces 
looking downward and outward. A low, median crest of bone rises 
posterior to the bases of the prezygapophyses and extends posteriorly 
to the dividing point of the branches of the z^^gapophyses. 

Cei^vieals posterior to the third , — ]\Iarsh has observed : « ‘'The cer- 
vical vertebra? are all opisthocoelous.'' In this he was evidently mis- 
taken, as is clearly shown by a study of several individuals which 
have the complete cervical region preserved. The axis and third 
cervical are always* platycoelian. In most individuals, however, the 
remaining cervical centra are opisthocoolian, though more strongly so 
in the posterior than in the anterior cervicals. In Cat. Xo 5474, 
U.S.X.M., the cervical centra, comparatively speaking, remain quite 
plane throughout the series. 

\^iewed from the anterior end, the centra are shield-shaped (see 2, 
fig. 14). Below the neuro-central suture the sides are deeply pinched 
in, forming lateral depressions which are deeper toward the front, 
and concave in the longitudinal direction, the articular ends being 
expanded. Ventrally there is a strong angular keel which widens 
at either end, more especially the posterior. The ventral surfaces of 
the ends are roughened by coarse, irregular, longitudinal stria'. All 
of the cervicals have capitular facets on the sides near the anterior 
end (see fig. 14). In the anterior region the facets are just below 
the neuro-central sutures, but in the posterior cervicals, beginning on 
the fifth in Cat. Xo. 5473, U.S.X.M., the suture bisects the facets, 
and thus both the centrum and the neural arch contribute to their 
formation. 

The neurapophyses in all of the cervicals have an extensive attach- 
ment to the centrum, spreading out conspicuously at the ends, more 
especially the anterior, as shown in fig. 14. 

Well-developed diapophyses extend outward from the sides of the 
neura- and prezygapophyses, shown at c/, fig. 14. These gradually in- 
crease in length from the third to the ninth. The tubercular facets 
on their outer extremities look downward and outward. The neural 
canal remains large throughout the neck, becoming nearly circular in 
the posterior members. The prezygapophyses are wide apart, their 
articular faces looking inward and upward. Xeural spines are not 

®Amer. Journ. Sci., XVIII, Dec., 1879, p. .501. 
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present in the cervicals of Camptosaurus unless the weak, median, 
crest-like ridge found on the posterior elements might be interpreted 
as such. Dorsally the neural arch consists of a broad, transversely 
rounded surface which extends backward and upward, the posterior 
termination giving off the divergent branches of the postzyga- 
pophyses. The height of the arch gradually increases posteriorly. 
Posteriorly just below the junction of the posterior zygapophyses is 
a pit-like foramen leading forward into the neural process. AVhile 
this foramen is present in all of the cei*vicals pertaining to Cat. Xos. 
428ii and 5474, U.S.N.M., and in the type of C. dlspcn^ Xo. 1877, 
Yale Museum, they are entirely lacking in the cervical region of Cat. 
Xo. 5473, U.S.X.M. 

Fig. 14 (1 and 2) shows the side and front views of the eighth cer- 
vical of Cat. Xo. 4282. l^.S.X.M., which may be considered typical 

^ of the vei*tebi\a3 of 

‘ the posterior part of 

the neck. 

Marsh has given 
the united length of 
the nine cervical 
vertebi'a^ in the holo- 
type of (\ (Us par as 
505 mm. The com- 
plete cervical region 
of Xo. 5473 (see 
Plate 12) measures 
590 mm. and X^o. 5474, 440 mm. The principal measurements of the 
cervicals of Camptomuiats will be found in table on pages 242 and 243. 

Dorsal rertehra\ — As mentioned previously, there are 10 dorsals 
present in the vertebral series of both Cat. Xos. 4282 and 2210, 
U.S.X^.M. It is true, as found, there were interruptions in the series, 
i. e., not all were found articulated, but after a critical study of the 
two columns it appears quite probable that 10 will be found to be 
the correct number. It can not be stated definitely from the known 
material, but the evidence, at least, points very strongly to the shorten- 
ing of the presacral series by at least five vertebrae from the number 
given this animal by Professor jMarsh in his restoration of Campto- 
sauras dispar. (See Plate 18.) 

The -first dorsaJ, — In specimen Cat. Xo. 4282, U.S.X.M., the first 
dorsal was, fortunately, found interlocked by its zygapophyses with 
the last cervical. xVs mentioned previously, the first dorsal, and 
cervicals seven, eight, and nine, Avere taken up in a single block of 
matrix (see Plate G, original field numbers 70, 83, 78, and 77), and 
reached the laboratory occupying their original relative positions. In 



Fig. 14. — (1) Eighth ceuvical VEiiTEUUA of Ca.mptosau- 
uus Bunwxr. IIolotype. Cat. No. 42S2, T\S.N.M. ; X 

XAR. SIZE, SIDE VIEW; (2) ANTERIOR VIEW OF SAME; « 
zyo- PREZYGAPOPHYSES ; (I, DIAFOPHYSES ; Hr, NEURAL 

canal; th PARAI'OPHYSES ; p. zy(j, POSTZYGAPOPHYSES ; S, 
NEURO-CENTRAL SUTURE. 
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consideration of these facts, there can be no question regarding the 
association of these vertebra\ 

That the vertebi*a now under consideration was a dorsal is shown 
by the sudden change of the capitular facet from the anterior lateral 
surface of the centrum on cervical nine, to a point well up on the 
side of the arch beneath tlie transversely extended process or dia- 
pophysis, and by the great develojunent of the transverse process. 
The capitular facet is also well developed as compared with the weak 
facets of the cervicals anterior to it. This facet is slightly cupped 
and subcircular in outline, Ixung somewhat elongated in the vertical 
axis. 

The length of the centrum of No. 4282 is slightly less than in the 
pi'cceding vertebra. There is a pronounced cup on the posterior end 
of the centrum, but anteriorly the end is less convex than in the 
cervicals preceding, and, as jNlarsh has pointed out in his description 
of the cervical region of CeratoHauniSs could onlv be inserted a short 
distance into the adjoining cup. This distance is accurately marked 
on the centrum by a narrow, articuhn* border, just posterior and ex- 
ternal to the median flattened anterior face. While there are no 
lateral cavities in this centrum, the sides are deeply excavated, both 
laterally and inferiorly. The inferior surface presents a narrow, 
median, longitudinal I'idge which widens at either end, more espe- 
cially the anterior. The surface of this anterior expansion is rough- 
ened with longitudinal stria\ 

The neural arch is high and incloses a large, circular neural canal. 
The expanded pedicles of the arch ai*e firmly attached to the centrum 
by suture. Antero-posteriorly the arch, above its base, is considerabh" 
shorter than the centrum, the diapophyses rising from the sides of 
the arch and extending upward and outward at an angle of 45°, as 
stout, subtriangular processes. The terminations of the diapophyses 
are lacking in all available specimens. The anterior zygapophyses 
look decidedly inward and slightly upward, and are elliptical in out- 
line, with the greatest diameter antero-posteriorly. Connecting the 
anterior zygapophyses at their inferior margins is a thick, rounded 
shelf of bone which forms the covering of the anterior portion of the 
neural canal. From the middle, and somewhat posterior to the an- 
terior border of this shelf, a low spinous process is developed, which, 
in No. 1877, Yale Museum, has a height of 11 mm. Superiorly its 
termination is angularly rounded antero-posteriorly and slightly 
thickened transversely. This spine is missing in all of the other 
specimens studied. Posterior to the anterior zygapophyses and lat- 
eral to the median spine are deep depressions in the top of the proc- 
ess. The postzygapophyses are missing on the first dorsal of No. 
4282, but are present on that of C. nanus. No. 2210. They extend far 
back beyond the posterior end of the centrum, their articular faces 
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looking outward and downward. From a posterior view, both verte- 
brae show, just above the neural canal, a median pit which extends 
forwai'd and downwaixl into the arch. 

77ic second dorsal , — This vertebra differs from the preceding 
chiefly by the development of a higher spinous process, more robust 
transvei'se i^i'ocesses, greater length of centrum, and more elevated 
position of the capitular facets on the lateral surface of the neura- 
pophyses. The distal extremity of the centrum is not so deeply 
cupped as in the preceding vei*tebi*a, and the anterioi* extremity is 
nearly plane, being only slightly concave dorso-venti-ally. In median 
ci'oss section the centiaim would be wedge-shaped. The subcircular 
neural canal is more reduced, and the tubercular rib facet looks 
downward and forward. 

The third dorsal , — The third dorsal (see fig. 15) may be distin- 
guifffaed from the .second by the increased size of the tubercular and 

1 2 




Fig. l.l. — (1) Third dors.vl vertebra of CAMrTosAERi’.s browxi. IIolotype. Cat. No. 
4282, U.S.X.M. : \ NAT. .SIZE, .side view: (2) ANTERIOR VIEW OF SAME; (1. :;yg, TREZYGA- 
I'ODII Y.SES ; <1, DIAPOPIIYSES ; /), PARAPOPII YSES ; }i. IMJSTZYGAPOPHYSES ; S, NEURAL 

SPINE ; S'\ NEI'RO-CENTRAL .SUTI'RE. 

ca])itular facets, and the more elevated position of the latter. Also 
by the moi*e rounded ventral sui*face of the centrum, which slightly 
exceeds the second in length. 

Dorsals four to fenirteen , — The succeeding vertebra^ are so similar 
in most respects that they may best be described together. The cen- 
tra, allowing for distortion by crushing, gradually iiicrea.^^e in length 
fi'oin the fir.st to the twelfth, which is the longest of the .series in Xo. 
4282. They have theii* articular extremities concave, more especially 
on the posterioi* end, but to a le.ss degree than in those vertebne an- 
terior. The depressions so marked in the sides of tlie cervical and 
anterior dorsal regions below the neuro-central suture, decrease in 
approaching the trunk, and from the fourth dorsal to the loins the 
sides are approximately flat vertically, though concave longitudinally, 
caused by the expansion of the ends of the centra. There is also a 
diminished angularity of the keel so that the vertebrocr of the mid- 
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dorsnl region have rounded ventral surfaces. Posteriori}^ the centra 
gradually increase in bulk. 

The elevated neural proce.sses of the anterior dorsal region become 
lower posteriorly, while the low, thin, ]:>late-like neural spines gradu- 
ally increase in height, with thickened terminal extremities that 
reach their maximum development in the sacral region. 

The transverse processes, stout and relatively long in the anterior 
dorsal region, have a capitular facet on the fourth dorsal, well up 
under their front edges, where they spring from the neural arch, and 
tubercular facets on their outward extremities (see d and fig. 15). 
The capitular facet withdrawn from the centrum on the first dorsal 
reaches the anterior border of the diapophysis in the fourth. Pos- 
teriorly the capitular facet gradually moves outward on the anterior 



Fig. 1G. — (1) Thiuteenth dorsal veetebka of Ca.mptosaurus browni. IIolotype. Cat. 
No. 42S2, r.S.N.M. ; I ^^^T. size, side view; (2) anterior view of same; a. zyg. 

PREZYGAPOPIIYSES ; rf, DIAPOPHY'SIS ; [), PAUAPOPHYSIS ; p, zy<), PO.STZYG APOPHYSIS ; .V. 
NEURAL SPINE. FP.OM PHOTOGRAPH. 



face of the transverse. Judging from the size of the cai^itular facet 
and the capitulum of the rib preserved in place, the seventh dorsal 
supports the heaviest rib of the series in Xo. 4282. The transverse 
processes are directed backward and somewhat upward from the 
horizontal as they leave the neural arches, and from the mid-dorsal 
region posteriorly they become more slender and somewhat shorter, 
with a decrease in size of the tubercular and capitular facets (see 
IG, d and p). The diapophyses of the dorsals are supported by 
heavy buttresses or lamina which rise obliquely forward to their un- 
der surfaces from the lower and back part of the neurapophyses. 
They form the outer boundary of deep, three-sided hollows, as shown 
in fig. 15. These cavities gradually grow shallower from front to 
l)ack. The posterior zygapophyses overhang the end of the centrum. 
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this character being especially pronounced in the posterior dorsal 
region (see fig. 10). The neural canal remains about the same size 
from the fourth to the fourteenth. 

The ■jifteeeik dorsaL — ^This vertebra may be at once d‘-stinguished 
by its short centrum (see dorsal Xo. 15, table of measurements, page’ 
240), which in Xo. 4282 is cylindrical in outline, with a weak ventral 
keel. The articular ends are coiicave, more especially the posterior. 
Antero-posteriorly it is the shortest of the dorsal series. The trans- 
verse process is short, wide, and directed outward at right angles to 
the neural process. It has weak tubercular and capitular rib-facets, 
which show that it carried a double-headed rib. 

The sixteenth dorsal or sacro-dorsal . — The last dorsal centrum 
(sacro-dorsal) is longer and heavier than the one preceding and is the 
most robust of the vertebral series of Xo. 4282 (see sd^ fig. IT). The 
two articular extremities are slightly concave, the posterior having a 
rough, rugose surface. Antero-posteriorly the sides are deeply con- 
cave, the inferior surface being pinched together, forming a short, 
pronounced median keel which expands transversely at either end. 
This vertebra in Xo. 18T7<^^, |)aratype of dispar (Yale University 
]\luseum). is regularly rounded in this aspect and without ventral 
keel. On the siipero-posterior angles are roughened, obliquely placed 
surfaces which give partial support to the first sacral ribs. The 
neuro-central suture is relatively shorter than in the preceding dor- 
sals, a groove for the exit of a nerve limiting its extent posteriorly. 
The arch is higher than those immediately in front, and supports a 
weak diapophysis without parapoph^^sial facet, indicating the pres- 
ence of a single-headed rib which may have articulated with a small 
articular area on the internal side of the preacetabular process of the 
ilium. In Xo. 4282, the outer extremity of this process is missing, but 
it is plainly shown in the t^q^ical specimens of L\ dispar and C. nanus^ 
Plate 14 and fig. 41). As shown in fig. 17, the prezygapophyses 
are large and look almost directly upward. The s])inous process is 
missing on this vertebra of Xo. 4282, but is present in Xo. 1877a, Yale 
INIuseum (see Plate 14). It is shown as a rectangular plate-like 
spine rising high above the dia]) 0 ]fiiysis. The superior termination 
is thickened transversely, more especially on the anterior part of this 
border, which is heavier than the spine that follows, and, in this 
species {C. dispar) ^ probably marks the maximum development of 
the spinous processes. The greatest height of this vertebra, taken at 
the center of the centrum, is 44>0 mm. The spine has a vertical 
groove on its posterior border extending nearly to its top. The post-^ 
zygapophyses overhang considerably the end of the centrum. 

The sacru7n. — In specimen Cat. Xo. 4282, U.S.X'.IM., there are seven 
vertebrae united b}^ a suture in the sacral region. Of this series I have 
considered as sacral only those vertebrae which support true sacral 
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ribs. This interpretation excludes the anterior and posterior verte- 
bric, Avhieh may be regarded as sacro-dorsal and saci'o-candal, re- 
spectiveh^, thus reducing the number of sacrals to five, as originally 
determined by Marsli for C, (Ihsinn-A dVpically, there are five vertc- 
bi’ie joined by suture, but, as shown in folate 13, ((, the anterior one 
would be considered a dorsal. Hence in dhpar there are only four 
true sacrals. 

Sacrals two and three were found to be firmH coossified (see fig. 
IT, S., and and in this respect quite at variance with Professor 
Marsh’s earlier determinations. In describing the type-specimen of 
O. cUsi)ar^ he says : 

This genus agrees with Laosaurus in one important character, namely, the 
sacral rertehnn are not coossified. That this is not merely a character of im- 
maturity is shown by some of the other vertebne in the tyi)e-specinieii, which 
have their neural arches so completely united to the centra that the suture is 
nearly or quite obliterated. To this character of the sacral vertebrte, the name 
of the present genus refers. 

While the neural arches of the specimen here considered are at- 
tached to the centra throughout the column, the. sutures in all in- 
stances are plainly discernible. Inasmuch as a second specimen in 
the Xational Museum, Xo. 4753, the holotype of C. depressiis^ has all 
of the vertebrm of the sacral region firmly coossified, it would appear 
that what ^larsh considered a very important character of the genus, 
namely, the noncoalescence of the sacral vertebra\ can not be relied 
on as being a constant character, iforeover, the union of the other 
centra in the sacrum of specimen Xo. 4282 were very close and par- 
ticularly strong, and it was Avith some difficulty that they aatit sep- 
arated for the purpose of study. So firmly are sacrals tAVo and three 
coossified that in places the suture is entirely obliterated (see fig. 17). 

The first sacral ma}^ be distinguished by the great transverse ex- 
pansion of the anterior end of the centrum. Both extremities have 
roughened sutural surfaces, Avhich unite closely and strongly Avith 
the centra both preceding and folloAving. The anterior face is some- 
what angularly convex, Avhile the posterior is slightly concaAT. The 
inferior surface lacks the decided keel of the last or sacro-dorsal and 
is more evenly 1 ‘oundcd. The neural canal is much expanded, as 
shoAvn in fig. 17, The posterior parts of the pedicles of the neural 
arch are very thin transATrsely and comparatiA ely short antero- 
posteriorly, being to a limited extent borne on the last dorsal. The 
spinous process, as shoAvn in Plate 13, is Aery similar to that of the 
last dorsal described aboAT, l)ut is more anteriorly placed in relation 
to the centrum. A long diapophysis extends out over the top of the 
first sacral rib, which, in some individuals, is firmly ankylosed to 
that bone. In Xo. 1877r/, hoAA^cA^er, the suture remains distinct. 
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The centra of sacrals two and three are much compressed trans- 
versely, as shown in fig. 17, S.j, and the third being the smallest of 
the five. Antero-posteriorly the lateral and ventral surfaces are 
deeply concave. The inferior surface of sacral two is somewhat 
])inched together inferiorly, Avhile sacral three is bi'oader and flat- 
tened in this aspect. 

The fourth sacral Avas firmly united to the fifth, although the 
suture is plainly seen. Like those preceding, the sides are concave 
antero-posteriorly, though the centrum as a Avhole is more robust 
than either sacrals tAvo or three. Its ATiitral surface is somcAvhat 
flattened transA^ersely, though concaA^e longitudinally. Unfortunately 
only the centrum of the fifth sacral is preserx^ed in this specimen. It 
difiers but little from the fourth sacral, except that the rib or trans- 
verse process is not borne intervertebrally, as are those preceding, but 
is confined Avholly to the anterior half of this centrum, Avhich has a 
fragment of the ailicular end still attached, as Avill l>e seen by ref- 
erence to fig. 17. The centrum is also more c^dindroid in outline 
and the floor of the neural canal is much constricted transA^ersely, as 
in the fourth of C. {I ffutmodon) prestidrJui The latter obserA^a- 
tion is also true of the fourth or last sacral (fifth sacral of Marsh) in 
Xo. 1877c, Yale Museum, as is plainly shoAvn in fig. 37, 3. A speci- 
men referi’ed to C. in the American Museum of Natural His- 

tory, AAhich has this region articulated, shoAvs that the ribs oi* trans- 
A erse j)rocesses of this A^udebra reached and gaA^e support to the ilia. 

The fourth is the first saci‘al to shoxv the peculiar peg-and-notch 
articulation (see fig. 17), considered by Marsh as characteristic of 
the sacral region of ('am ptoscumf.^. He says:"" 

The A’ertebiw of the sacrmu, especially the posterior four, are joined to each 
other by a peculiar i)e^-aiKl-notch artienlation. The floor of the neural canal 
of each A^ertebra is extended forward into a i)Ointed process (somewhat Iik(» an 
odontoid i)rocess), Avhich fits into a ct>rrespondinjr cavity of the centrum in 
fi'ont. This arrangement, Avhile permitting some motion IjetAAwn the indi- 
vidual vertehra\ helps to hold them in place, thus compensating in a measure 
for absence of ankylosis. 

This articulation may hax^e been present betAATen sacrals IaA'D and 
three before ankylosis took place, but this can not uoav be determined. 
It is, hoAvever, present betAveen sacrals three and four, four and five, 
sacral IIat and caudal one, and there are also faint indications of the 
same method of articulation betAveen caudals one and tAvo, and tAvo 
and three (see p. fig. 18). 

In tliis connection it is of interest to knoAv that an examination of 
the t3^pe-specimens of Laosaarus com‘^ors and Dryosaarus aJfas shoAvs 
tliat both specimens exhibit the same peg-and-notch articulation of 
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the isacral centra, although they have been described as being with- 
out ity 

The five sacrals give support to five sacral ribs on each side. These 
ribs, excepting the fifth, are supported intervertebrally by rough 
sutural areas on their superior junctions, the main support being 
given by the jiosterior vertebra of each pair. 

The neural processes are either missing or only represented by 
detached fragments in C, Invioii, but in order to make the descrip- 
tion complete, these will be described from the holotype of G. muius^ 
Cat. Xo. 2210, U.S.X.M., which has the anterior three unusually 
well ])reserved (see fig. 39). As in C, disp(u\ there are only four 
true sacrals in 0\ naniis. 

The neural arch in sacral one is somewhat higher than the last 
dorsal, with a much enlarged neural canal. In sacrals one, two, and 
three, the arches are contracted antero-posteriorly and expand out- 
wardly into strong buttresses which, with the sutural surface on the 
centra, give support to the sacral ribs. This antero-posterior con- 
traction of the pedicles leaves vertical, elongate cavities opening into 
the enlarged intervertebral chamber of the neural cavity for 
the exit of sacral nerves. The arches are united by heavy and closely 
fitting zygapophyses. The postzygapophyses are shifted well forward 
over the center of the centrum. 

The neural spines are flattened plates which, as they rise above 
the arch, gradually expand antero-posteriorly, terminating in an end 
slightly thickened transversely. The spines remain about the same 
height throughout, all being inclined somewhat backward. In this 
specimen the spines are distinct and show no indication of fusion, 
as is indicated by Marsh's first restoration of this region in C. dispar. 

The diapophyses of sacral one, in specimen Xo. 2210, are consid- 
erably modified from the thoracic type. They join with an outward 
development of the pedicle, forming a continuous vertical articular 
face or buttress, with which the upper portion of the sacral rib ar- 
ticulates. The first is the heaviest of the series, and this sacral rib 
was undoubtedly the chief support for the ilium. The diapophyses 
of sacrals two and three are developed in the same manner, although 
lighter in construction. 

In the sacrum of Cat. Xo. 4282, U.S.X.M., sacral ribs one and two 
were still in position and completely ankylosed with the vertebra) 
(see 6^, fig. 17). These ribs are short, compressed plates with ex- 
panded articular ends. Inferiorly the first rib articulates with the 
centra of the last dorsal and finst sacral, more especially the latter. 
Above, the rib has become coossified with the buttress and diapoph- 
ysis of sacral one. This broad, vertical plate is directed outward 
and somewhat backward. Its outer end is expanded antero-posteri- 
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orly and coalesces with the similarly expanded end of the second rib. 
thus inclosing a subcircular sacral foramen (/ and /b fig. 17). If 
present, the other ribs would probably repeat this arrangement, and 
there would be a row of at least four of these foramani — possibly 
five, if the transverse of the first saei-o-eaudal reaches the intero- 
posterior border of the ilium, which I doubt. The outer coalesced 
ends of ribs one and two exhibit a wide articular area, looking down- 
ward and outward, for articulation with the ilium. Two of these 
ribs were found with specimen No. ^2*210, but both were detached, 
although not far removed from their positions in the sacrum. It 
would appear from the evidence of these two individuals that in the 
voung they remain distinct, but in the adult become completely fused 
with the sacrum. 

After a study of these processes as represented in Ca777pto,9aurus, it 
is at once ajiparent that they are derived from centers of ossification 
entirely distinct fi’om those which give oi'igin to the centra or their 
neurapoph 3 ^ses. Inasmuch as the diapophvses are distinct from the 
.sacral ribs, as shown in some individuals, there apj)ears no good 
reason why, in this group at least, thev should not be considered 
true ribs, modified to fit the exigencies of their position. The sacro- 
dorsal in Ca7nj>tos(nt7n(s^ as in T)‘ice 7 ‘atops^ is considered to be without 
parapophvses. The parapoph^^ses of the second sacral, however, 
might be considered the articular area on the pedicle of the arch 
below the diapophyses, extending down on to the centrum which sup- 
ports the lower articular portion of the sacral rib. The additional 
.support given this rib by the posterior area of the first sacral centi’um 
I should consider as being homologous with the demi-facets found 
in the dorsals of certain groups of the mammalia. The fact that a 
single-headed rib is borne by the last dorsal shows without question 
that the fii’st sacral rib would, as shown previously", pei’tain to sacral 
one. 

While Hatcher" has shown the probability of the supports for the 
ilia in the Sauropoda being the coalesced dia- and parapophy^ses, his 
arguments do not appear conclusive, and in view of the evidence 
here presented I am convinced that in Ca777ptosain^}(fi at least the 
existence of true sacral ribs is fully determined. 

When the centra are articulated the ventral surface as a whole is 
slightly" arched, its outline being rendered sinuous bv the constriction 
of the middle of the centra and the prominence of their terminal 
borders. In Ccunptosam^us^ as shown bv the sacra considered in the 
previous pages, the sacrum is composed of either four or five vertebrae, 
which will receive further attention in the present })aper when the 
several species are discussed. 
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The caiuhd eertebrw, — Thirty-throe cjuidal vertebra^ were found 
associated with Cat. Xo. 4282, U.S.N.^I. Their position in the quarry 
in relation to one anotlier is clearly shown in Plate G. AYith the type 
of C. nanus (Cat. Xo. 2210, U.S.X.jM.) were 34 caudals, most of them 
still connected by the adhering matrix. After careful consideration 
of the evidence presented by the above series, it is estimated that in 
Cam ptosa}U‘UH there would be at least 44 caudal vertebra} in the com- 
plete tail. 

As foumh there were interruptions (see Plate G) in the anterior 
series of Xo. 4282, but upon assembling the scattered parts it is be- 
lieved they represent an unbroken string as far back as the sixteenth 
caudal. Between the sixteenth (quaiay number 208) and the distal 
series (beginning with quariT number 235, see quarry map, Plate G), 
it is estimated there are five vertebrae missing. 

The above estimate is based not only upon the proportionate i*atio 
of decrease in size necessary to fill the gap, but also upon the caudal 
series of C, )ianus,^ which has this region intact and still connected by 
matrix. The terminal caudals are unknown, but the last one of the 
series (estimated to be the thirty-eighth, quarry number 234) has a 
transverse diameter on the posterior end of 13 mm. It is not likely 
there v as a series of rod-like caudals, as found in some members of 
the Opisthocoelia,® but rather that the tail ended more abruptly like 
that of Ster/osaifrus, that is, with a pointed terminal caudal, as shown 
by three specimens in the Xational Aluseum. 

In Xo. 4282, U.S.X.]\f., the first caudal {sc, fig. 17), or, as it 
might be better termed, sacro-caudal, is united to the sacrum by 
suture, being more securely joined by the peg-and-notch articulation 
(see fig. 17), It is considerably shortened antero-posteriorly, and, 
viewed from the end, is c}dindroid in outline. A heavy subcircular 
rib, or transverse {ti\ fig. 17), is attached by suture to the neural 
process just above the neuro-central suture. The neural canal is con- 
tracted to a small, circular passage having a diameter of 15 mm. On 
the median ventral surface are two subcircular depressions sepa- 
rated by a median longitudinal ridge or keel. The neural arch is 
much compressed transversely. The anterior zygapophyses are 
placed quite close together, their articular faces being nearly vertical, 
while the posterioi’ are placed more obliquely and slightly overhang 
the end of the centrum. The spinous process of this vertebra is miss- 
ing. The second caudal bears the first chevron (see c/., fig. 18). 
Its centrum has a cupped anterior surface, the whole contour of this 
end being concave dorso-ventrally. The posterior articulating sur- 
face is more rounded, with an oblique ventral surface for the attach- 
ment of the chevron. This end is only slightl}^ concave on the 
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upper median face. The lateral surfaces of the centrum are evenly 
concave antero-i^osteriorly. 
down somewhat obliquely 



^-a^.zyg- 




The small, circular neural canal extends 
from front to back, a i:)eculiarit 5 ^ present 
in a few of the succeeding 
vertebne, and appears to indi- 
cate a rapid dropping of the 
tail as it leaves the sacrum. 
The neural arch is low and 
firmly attached to the cen- 
trum by broad! 3 " expanded 
pedicles. The transverse 
pi’ocesses spring from the 
sides of the neural arch just 
above the neuro-central su- 
ture (see fig. 18), extend- 
ing out at right angles to 
the centrum on a level with 
the neural canal, not so high 
above it as shown in ^larsh's 
I’estoration of C. dhpar (see 
Plate 18). 

It has also been determined 
from these si:>ecimens that 
ilarsh's representation of 
this region on Plate 50, 
“ Dinosaurs of Xorth Amer- 
ica," is in error in the fol- 
lowing resi)ects: The neural 
arches are too high: the 

spinous i^rocesses are too 
straight and do not decrease 
height rapidW enough 






p^yg 



in 
after 
their 



leaving the 
bases should 



sacrum ; 
show the 

antero-expansion of the base 
of the spine, and their tops 
should be directed at moi-o 
of an angle posteriorl 3 ^ The 
spinous i:)rocess of the second 
caudal rises as a high, thin, 
backward!}^ directed blade 
of bone (see fig. 18), ter- 
minated bv a slightlv thickened end, which is gently rounded antero- 
posteriorly. There is a prominent widening of the base of the spine 
by the development on the anterior margin of a thin septum of bone 
which subsides rapid!}" above. This anterior development of the 



Fui. 17 . — Sacrum of Camptosaurus rrowxi. 
Holhtype. Cat. No. 4282, V^S.N.M. ; k xat. 

SIZE ; SEEN FROM ABOVE. 0 . Zy(J, PREZTGAPO- 
PllYSES ; (/, DIAPOPIIYSIS OF IOtII OR SACRO- 
DOKSAL ; , DIAPOPIIYSIS OF SACRAL OXE ; f, f’\, 

FORAMINA BETWEEN TUB SACRAL RIBS ; }). Zyg. 
rOSTZYG APOPHYSES ; aS'o^ *83^ *84^ N5, SACRAL 

VERTEBILE ONE TO FIVE, RESPECTIVELY; N'c, 

SACRO-CAUDAL ; aSV/, sacro-dorsal ; aVc. sacral 

RIBS ; tr^ TRAN VERSE PROCESS OF SACRO- 
C AX’ DAL. 
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bn so of tho spine becomes less and less pronounced, only a vesti^'e 
remaining on the thirteenth caudal. 

From tlie third to the tenth the centra gradually increase in length, 
the articular ends also undergo modifications from the vertically 
elongated type anteriorly to the compressed medially, and to the 
cylindroid of the posterior half, both ends of nearly all of the centra 
being slightly concave. 

Flattened transverse processes are present on the first twelve ver- 
tebrie counting from the sacrum. The third is believed to bear the 
longest transverse, behind Avhich they gradually shorten until, on the 
thirteenth, there remains only an inconspicuous tubercle. The sup- 



1 2 




Fig. is. — (1) Second caudal vertebra of Camptosaurus browni. IIolotype. Cat, No. 
42S2, T'.S.N.H. ; \ nat. size ; side view. (2) Anterior view of same : a . zijcj , 

PREZYGAPOPHYSES ; Cf , FACET FOR FIRST CHEVRON ; p, RUDIMENTARY PEG-LIKE PRO- 

.TECTiON ; p. zyy, postzygapophysis ; s, neural spine; s', neuro-cbntral suture; ir, 
TRANSVERSE PROCESS. 



pression of the transverse process is soon followed by the disapj^ear- 
ance of the neuro-central suture, which becomes very indistinct. The 
point of attachment of the transverse processes gradually moves 
backward from the anterior lateral surface in the proximal caudals to 
a postero-lateral position in those more distal. As Hatcher® has 
pointed out in Tlaploranthosaurus^ so in C amptosaurus the transverse 
processes are derived from centers of ossification distinct from those 
which gave origin to either the centra or their spinous processes. 
This fact may be considered by some as proof that these are not 
transverse processes but perhaps might be considered caudal ribs 

® ISIem. Carnejj;u* ^lus., II, 1003, p. 22. 

Fro(!. X. M. vol. NNXvi — <)0 



242 



PROCEEniXGS OF THE XATIOXAL MUSEUM. 



VOL. XXXVI. 



homologous with those of the sacral region. The compressed, blade- 
like spines of the anterior caiidals decrease rapidly in both height and 
width antero-posteriorly to a compressed, rod-like spine on the eighth. 

The spines gradually reduce in size posteriorly, at the same time 
becoming more and more depressed until in the smallest and most 
posterior they are nearly parallel with the longer axes of the centra 
(see fig. 10). As found in Xo. 4282, they persist almost to the end 
of the tail as small hony rods with compressed ends, without expansion, 
which extend well back over the succeeding vertebra. 

The anterior zygapophyses gradually lengthen posteriorly until, in 
the distal caudals, as shown in fig. 10, they consist of two slender 

finger - like proc- 
esses which ex- 
tend forward and 
lap along the base 
of the n e ii r a 1 
spine of the pre- 
ceding vertebra. 
The posterior 
zygapophyses o f 
the anterior caudals slightly overhang the ends of the centra but 
gradually come to occup}’ a higher position on the spine, and with 
the increased slant of the latter, they overhang considerably. The 
zygapophyses also grow smaller until just back of the middle caudal 
region there is no well defined articular area, the zygapophyses simply 
clasping the base of the spine, as mentioned above. 

The anterior vertebi’cC have obli(|ue facets on both ends of the 
centra, but in the distal region there remain only weak facets on the 
ventral posterior ends. The anterior chevron facets are the first to 
disappear. 

rrincipal tncasurcuK'nts of vcrichnv. 




Fig. 10. — Posterior caudal vertebrae with chevrons (30th 
TO 34TII, inclusive), CAHPTOSAURUS BUOWNI. llnLOTYPE. 
C.vT. No. 428li, r.S.X.M. ; \ nat. size; side view; a. zyg. 
prezygapophysis ; ch , chevro.v ; neural spine. 
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Remarks. 



Anterior end No. 2210 
=22 mm., transverse 
diameter. 



Greatest height (with 
spine) of No. 4282, 
taken at center, 93 
mm. 

Greatest height (with 
spine) of No. 4282, 
taken at center, 91 
mm. 



a No. 1877=holotype C. dispar. cNo. 1877a =paratype C. dispar. 

6 No. 2210=holotype C. nanus. d Estimated measurements from mutilated specimens. 
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PrinriiHiI measurements of vertebrw — Continued. 



Greatest length of centra. 
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Dorsal 1 . 
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® Estimated measurements from mutilated specimens. 



a 61 



125 



119 



100 

90 

110 



U.S.N.M. 
No. 2210. 



27 
a 28 
a 32 
33 
a 35 



Remarks. 



Greatest height (with 
.spine) of No. 4282, 
taken at center, 95 
mm. 



Greatest height (with 
spine) of No. 4282, 
taken at center, 183 
mm. 



Greatest height (with 
.spine) of No. 4282, 
taken at center, 260 
mm. 



Greatest height (with 
spine) of No. 1877a, 
taken at center, 330 
mm. 

Greatest height (with 
spine) of No. 1877a, 
taken at center, 328 
mm. 



a SI j 

36 I Greatest height (with 
spine) of No. 4282, 
taken at center, 270 
mm. 

34 
32 
29 
28 
26 
26 
25 
25 
24 

23 

24 
24 
24 



22 

22 

22 

24 

o23 

22 



Greatest height (with 
spine) of No. 4282, 
taken at center, 68 
mm. 
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PrinciiHtl measurements of vertehne — Cuutiuued. 





Greatest length of centra. 


Greatest transverse diameter, 
' posterior ends. 
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Continued. 
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Greatest height (with 
spine) of No. 4282, 
taken at center, 32 
mm. 



Tin: CHEVRONS. 



A^iewed lateral! 3" (see 1, 
is wedge-shaped, the pos- 
larger. 



Chevrons from the anteiior. middle, and posterior parts of the tail 
were found in position with the caiidals of Cat. No. 428i2, U.S.N.M. 
The anterior elievrons are longer than the spinous processes and 
-j 2 reduced more slowly posteriorly. Tluyv 

are Y-shaped, with expanded articular ends, 
the surfaces of the opposite sides being 
bridged across, 
fig. 20), this end 

terior facet being the larger. The chev- 
rons articulate intervertebrally with bev- 
eled articular surfaces on the ends of the 
centra. The opening between the branchCvS, 
as compared with the chevrons of other 
members of the Dinosauria, is much con- 
stricted both transversely and longitudi- 
nally. The free end is expanded and flat- 
tened. The shaft is straight, not curved 
Jjackward, as in many reptiles, in this re- 
spect similar to the anterior chevrons found 
in the trachodonts. AATth the exception of 
being smaller and having the articular end 
about evenly divided between the anterior 
and posterior facets, and the lower part of 
the shaft curved baclvAvard, the median 
chevrons are very similar to those described above. 

Those of the more posterior region, hoAvever, are considerably 
altered from the above t3q:>es, as will be seen b\^ reference to fig 19. 




Fig. 20. — (1) A.NrKKioR ciiEV- 

UON OF CAMI'TOSAlltU.S DIS- 

I’AK Marsh. Cat. No. 
.■>818, U.S.N.M. ; nat. 

size; siPE view; (2) pos- 
terior VIEW OF same: a, 
anterior; p. posterior. 
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The articular ends of the opposite sides are separate and when in 
position unite more especially Avith the anterior than Avith the poste- 
rior vertebra. The opening betAveen the branches is [)roportionately 
more elongated, and the free end is thin and expanded into a broad, 
knife-like end. The chevron found articulated betAveen quarry num- 
bers 220 and 221 of the distal series is 52 min. in length. This Avould 
be the tAventy-fonrth of the series counting from the sacrum. The 
tAA^enty-eighth is 45 mm. (see c7/, fig. 19) in length, and the thirty- 
first is only 25 mm. The free end is rounded from the loAver margin 
of the opening up to the dorsal border, as a thin, sharp keel, Avell 
.^hoAvn in cA, fig. 19. In a rudimentary form they appear to have 
persisted as far back as the thirty-sixth caudal, as indicated by im- 
perfectly developed cheAU'on facets on the centra. 

THE RTBS. 







F'ig. 21. — Eighth cervical 

KIR OF LEFT .SIDE CaMP- 
TOSAUKUS BROWXI. IIOLO- 

TYPE. Cat. No. 4282. 
U.S.N.M. ; k NAT. SIZE ; 
.SIDE view; C, CAPITI’LT'M; 
t, TUBERCULUM. 



In Camptosauriis there are present ceiwicah dorsal, sacral, and 
caudal (?) ribs. Excepting the atlas, all of the cervical A^rtebra}, as 
shoAvn bA" the distinct tubercular and capitu- 
lar facets, bear double-headed ribs. 

Oervical inhs . — The capitulum is in all 
cases carried on the longer of the tAVO an- 
terior branches. This branch, Avhich is com- 
parati\"ely short on the anterior cervical ribs, 
gradually lengthens posteriorly, being con- 
siderably produced on the eighth and ninth 
of the series (.see c, fig. 21). The posterior 
branch terminates as a someAvhat rounded, 
pointed end. As shown by the single facets on the posterior ventral 
surface of the intereentrum of the atlas (.see r, fig. 12), it appears to 
have carried a single-headed rib, as in the crocodile. 

Anterior cerAucal ribs pertaining to Cat. No. 5473, U.S.N.M., shoAV 
the point where the tAvo anterior branches unite as a broad rounded 
base Avith A^ery .short, pointed posterior branch (see Plate 12). 
In Cat. No. 4282, U.S.N.M., the ribs of the eighth and ninth cervicals 
werQ found articulated and in a fairly good .sthte of preseiwation. 
These are thin, flattened bones, Avithout pronounced anterior indenta- 
tion. The capitular process is moderately long, aa ith con\’ex articular 
end, AAhile the tubercular proce.ss is short, heaAy, and has a concaA^e 
articular end. When articulated their posterior extremities are 
directed backAvard, outward, and doAvmvard, someAvhat beloAv the 
horizontal. 

Doraal ribs , — With the exception of the last dorsal, or, better, 
sacro-dorsal, all of the other dorsal vertebra) bear double-headed 
ribs. The ribs of the anterior portion of the thoracic cavity ai'e con- 
siderably curA^ed, especially near their upper extremities. The 
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capitulnm is borne on a heavy, rounded process, being well separated 
from the weaker step-like tuberculiim developed on the supero- 
posterior border. Posteriori}^, however, the capitular facets on the 
vertebra^ gradually shift their position neai-er to the tubercula]* facet, 
and thus the distance between the capitulum and tuberculiim of the 
rib is gradually lessened. Fragmentary ribs found articulated with 
the dorsals of Cat. Xo. 4282, U.S.X.M., shows that the seventh 
(counting from the last cervical) bears the heaviest rib of the series. 
The posterior ribs are more slender, straighter, and shorter than those 
anterior. 

The sacro-dorsal mentioned above must have borne a short, single- 
headed rib, as indicated by the single capitular facet on the other 
extremity of the weak transverse process (see fig. 80 and ((, Plate 
13), but there is no indication of ankylosis of the rib with the end 
of the transverse, as Hulke® has found in this region of Uf/psilo- 
phoclon foxiL 

The sacral ribs will be found described in connection with the 
sacrum on i)age 237, and the caudal i*ibs. or transverse ])ro(‘esses, 
with the caudal vertebrae 

OS.SIFIKl) TENDONS. 

In the matrix surrounding some of the vertebrae of Xo. 4282 there 
are preserved a number of flattened, rod-like ossified tendons. In 
this individual they were found as far forward as the eleventh 
dorsal, and in the type of C. ncui}is^ on the eighth. These ossifications 
are also present in the sacral region, and they undoubtedly occurred 
along the spinous processes of the anterior caudals, although from 
the condition of the available material this point can not be deter- 
mined. The ends are much flattened and divided into a number of 
ray-like points. They do not appear to have had any such develo})- 
ment as found in either Tmdiodon {Claosanrus) or Tricerafops. 
These ossifications are shown at ot in fig. 30. 

In a paper on Ilypsllopliodon^^ Baron Xopcsa calls attention to 
the presence of ossified tendons along the Ijackbone of that animal, 
and he also shows that these ossifications are present in all of the 
British predentate reptiles, with the exception of Scelidomurui^, In 
the American members of this grouj) they were first observed by 
Marsh ^ in Trachodon {Claoscniriis) . and later in members of the 
Ceratopsia by Hatcher.'^ 

The arrangement of the tendons along the posterior dorsal vertebra) 
and over the sacrum is well represented in Plate 10, where they are 
.shown as found in the matrix. Their arrangement approximates the 
conditions present in Igmiuodon herniSHartensis as figured l3v Dollo.^ 

Trans. Roy. Soc. London, CLXXIII, 1S82, p. 1047. 

^ Geolojj^ical Ma^jazino, May. 1005, pp. 205-208. 

^Auior. JouiTi. Sei., XLIV, Oct. 1802, p. 345. 

<^Mon. r. S. Geol. Snrv., XUX, 1007, p. 51, tig. 48. 

‘' Bull. Bruxelles Mus. Roy. d’llist. Xat. de Belgique, 11, 1S8;5, pi. v. 
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THE SIIOVLDER GIRDLE. 



The scapula and coracoid are the only elements preserved in the 
pectoral arch. Nothing representing either a clavicle or a sternal 
has yet been found, although it appears quite probable, as will be 
shown later, that such may have been present, notwithstanding 
Marsh's statement that the sternum in Ccvn ptoHunnis was unossified. 

The scapula . — The scapula is a moderately long bone, and Avhen 
not flattened by crushing has a decided bow in the shaft which con- 
forms closely with the outward curve of the body cavity (see fig. 22), 
and which throws the articulated coracoid 
well ill under the chest. Just above the 
heavy, expanded articular end the shaft con- 
tracts rapidly, but again gradually expands 
antero-posteriorly toward the upper end. 

The backward extension of the blade being 
the greater, the median external portion of 
the shaft is gently rounded transversely, 
while the thin expanded upper extremity of 
the blade is quite flat. The upper end termi- 
nates as a slightly thickened rounded border. 

The anterior border is sinuous and has a 
sharp edge, while the posterior is rounded 
except in its upper third, which is compara- 
tivelv thin and sharp. The internal sur- 
face is smooth and flattened, with a decided 
bow from end to end, as mentioned above. 

The articular end being expanded both ver- 
tically and transversely, is heavy and mas- 
sive. A prominent ridge is developed on the 
lower outer surface, which contributes to the 
formation of the posterior lip of the glenoid 
fossa (see fig. 23). On the anterior mar- 
gin, above the articulation for the coracoid, 
is a strong protuberance with a well-defined 
triangular facet, adapted to the support of 
a clavicle, if such a bone were present. This feature is clearl}^ shown 
in the right scapula of No. 5473, U.S.N.M., and is also seen in other 
scapula} in the same collection. A somewhat similar protuberance is 
noticed on the scapulae of the larger trachodonts. A short but promi- 
nent ridge rises on the external face of the projection just described, 
but gradually subsides upon reaching the flattened surface of the 
shaft. The articular end presents a thickened, roughened, deeply 
pitted sutural articulation for the coracoid, with Avhich it has ncA^er 
yet been found firmly coossified. Inferiorly and posterior to this 
border is a smooth, concave articular surface which, with a similar 
surface on the coracoid, forms the glenoid fossa. 




AND COKAGOID OF CaMF- 
TOSAURI S DISPAK MaRSU. 

Cat. No. 5473, U.S.N.AI. ; 

I NAT. .SIZE ; C, OOIIACOID I 
yl, GLENOID CAVITY ; S, 
.SCAPULA. From a photo- 
graph. 
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On the median internal surface near the border of the articular 
end for the coracoid is a narrow, longitudinal groove which passes 
outward diagonally to meet the foraininal notch in the coracoid. 




Fig. 2.3. — Left scapula of Oamptosai'RU.s p.rowni. IIolotvpe. Cat. No. 4282, XJ.S.N.M. ; 

I NAT. .size; viewed EXTEIi^TALLY ; C, SURFACE FOR CORACOID; {/, (JLENOID CAVITY. FROM 
A PHOTOGRAPH. 



This groove is present on all of the scapula} studied, and, so far as 
I am aware, is only found in the Dinosauria among the members of 
the Camptosaurida* and the Laosaurida}, 



]fr<is{n'cmcnts of Cut. So. 

mm. 

(ireatest len.jjjth of loft scapula and coracoid 595 

Greatest lougtli of scapula - *182 

Greatest breadth of scapula - ^ 1T5 

Least breadth of scapula ^ _ d.3 

Greatest expanse of j^Ienoid cavity 8,3 

T/te roraronJ . — The coracoid is a small siilirectangular bone, with 
the anterior and inferior borders turned inward, forming a moder- 
ately deep concave internal sui-face both 
antero-posteriorly and vertically. Externally 
the surface is convex in both directions. 
There is a broad notch on the inferior border. 
Anterior to this notch the border is thickened 
on the antero-infero angle, the .surface being 
roughened, more especially the internal, and is 
thus indicative of the pi*esence of cartilagi- 
nous attachment of sternal elements. The 
border posterior to the notch is especially 
thickened and represents the coracoid com- 
ponent of the glenoid fossa (see c, fig. 24). 
The inferior smooth articular part of the 
posterior border is separated from the rugose 
surface for union with the scapula by a deep, 
foraminal notch, which on some individuals 
is nearl}^ closed. This notch passes through 
diagonally, emerging on the postero-internal border, as in Iguanodon. 
In none of the specimens examined did it exist as a well-defined 




Fig. 24. — Left coracoid 

OF C A .M I* T O S A U R U S 
B R O W N I. IIOLOTYPE. 
Cat. No. 4282, U.S.N.U. : 
i NAT. SIZE. External 
VIEW. (1^ ANTERIOR BOR- 
DER ; hj BORDER FOR AR- 
TICULATION WITH scap- 
ula ; c, BORDER OF GLEN- 
OID CAVITY. Prom a 
PHOTOGRAPH. 
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foramen, as found in other members of the Dinosauria and as indi- 
cated by ^larsh in his illustrations of this element. The siiperioi’ 
border presents a thin, sharj) cdire, while the anterior is more rounded 
and rouirhened. with a thiekened portion at the antero-supero ani>k‘. 

\[cafiHVcmcul fi of rin'vhuvu C(kt. \o. L.r.WM. 

iti m. 

(Jreatest lengtli ot‘ left ooraeoitl — _ 115 

Greatest widtji of left comeoid . 15(5 



THK KOKK i.iMi;. 

The hiimems , — The humerus is eomparatively short, beino; some- 
what expanded at both extremities, more especially the jjroximal. 




Fjo, 2 .J. — Left iiumekus of Ca-mptosaurus Fro. 20. — Left humerus of Camptosaurus 
lutowNi. ITolotvpe. Fat. No. 4282, bbowni. 11olotvi-e. Cat. No. 4282, 

U.S.N.il. ; 4 NAT. size. Front view, U.S.N.M. ; \ nat. size. Back view, h, 

i)i:ltoid crest. From a fiiotoiirapii. head. From a photoorapii. 

The head is situated in about the middle of the proximal end and is 
produced considerably backivard beyond the posterior border of the 
shaft (see h. fig. 2(>). It has a smooth, subspherical, articular sur- 
face from which a ridge-like swelling passes down into the posterior 
.surface of the shaft. There is a heavy radial crest developed on 
the antero-external border just above the middle of the shaft wliich 
renders the anterior aspect of the surface concave. The crest (see tl, 
fig. 25) appears to occupy a lower position on the shaft than it does 
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on the hiimenis of Iguanodon. The shaft is somewhat tM'ktecl and 
planes passed through the longer axes of the articular ends would 
cut one another at a slight angle. The outer surface of the radial 
crest is roughened for muscular insertion. Below the crest the shaft 
is constricted and is subcircular in cross section. The internal border 
is regularly curved from end to end, wliile the e.xternal is angularly 
convex. The radial and tilnar condyles are well defined and posteri- 
orly are separated by a broad, .shallow depre.ssion Avhich -passes some- 
what up the shaft of the l^one. There is also a .shallower depre.ssion 
between them on the distal antei ioi- sui-face of the bone. The articu- 
lar ends of the humerus ai'c (piite rugose in the individual here 
(le.scril)ed. 

Mra.wrrmriitn of Sftcciiiirii. (’at. Xo. U.S.X.M. 

m m . 

Greatest length of left hiimenis _ 

Greatest width proximal end _ 210 

Greatest width dorsal end _ oo 




7 he vlna,—T\w ulna is heavy above and but little expanded on 

the distal end. Its 
length slightly ex- 
eeed.s that of the ra- 
dius, but is shorter 
than the humerus, 
differing in the lat- 
ter particular from 
T racliodo)u in which 
the ulna exceeds llie 
humerus in length. 
There is the begin- 
ning of a massive 
olacrenon (see fig. 
II), but it extends 
but little above the 
articular surface for 
the humerus. Viewed 
])roximally the end 
is subtriangular in 
outline. The middle 
of the shaft in cross 
section is elliptical. 
The distal end is 
soinewhat expanded 
(see fig. 27), the 
gi-eatest diameter be- 
The lower internal surface is slightly roughened and 
(‘ontact with the groo\ed external sui’face of the distal 



Fig. 27. — IOgiit radius, tlxa, and manus of Camp- 
TOSAURUS BROWNI. 1I()L0TYI*E. C.VT. No. 4282, U.S.N.M. ; 
ABOUT I NAT. SIZE. FRONT VIEW. SllOWS POSITION OF 
ELEMENTS AS FOUND IN THE QUARRY. i, INTERMEDIUM ; 

* ra , RADIUS ; u , ulnakk ; uJ , ulna. Fko.m a igiotogr.vpii. 



ing transverse. 



flattened for 
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part of the radius (see fig. 41). The articular ends of this bone are 
smoother than the corresponding parts of the humerus. 



Measurement of S pee} men, Cat. Xo. C.S.X.M. 

mm. 

(Ueatest length of left ulna - - 2(>2 

(Ireate.st width proximal end of ulna - T5 

(Greatest width distal end of ulna _ 02 



Radius . — The radius is more slender and somewhat shorter than 
the ulna. It is slightly expanded at the extremities, more especially 
the proximal end (see ra. fig. 27). In cross section the shaft is sub- 
circular and continues so for most of its length. On the distal exter- 
nal surface of the bone is a longitudinal groove which receives the 
roughened border of the distal end of the ulna when articulated. 
Viewed from the distal end the extremity is heavy and roughly sub- 
crescentic in outline, with an oblique end, the surface of which looks 
downward and outward and fits closely to the reverse bevel of the 
radiale. This is clearly shown in fig. 27, which represents the fore- 
arm and carpus of the right fore limb of C. hrowni. Cat. No. 4282, 
U.S.N,]\[. 



Measurements of Specimen, Cat. No. Ii'2S2. U.S.N.M. 

mm. 

Greatest length of left radius ^ — 232 

Greatest width of proximal end 58 

Greatest width of distal end 41 



THE FORE FOOT. 

In Camptosaurus there are five digits in the manus, supported by 
eight carpalia. The carpus has a simple arrangement, that is, a prox- 
imal row of three bones — the radiale, intermedium, and ulnare — and 
a distal row of five. The number of phalanges, beginning with the 
first digit or pollex, as correctly determined by Marsh, is 2, 3, 3, 3, 2. 

The detailed description to follow is based upon a fore foot of 
Camptosaurus dispar., Cat. No. 4277, U.S.N.M., from quarry 13, 
near Como, Albany County, Wyoming. The foot is complete with 
the exception of phalanges one and two of Digit I. and two and three 
of Digit IV. The missing parts, with the exception of the ungual 
of Digit I, which is unknown, will be described from other feet in 
the National Museum. This foot was found articulated in the field 
and was so received in the laboratoiy, and on that account there can 
be no question regarding the relative position of its elements. The 
form and proportions of the various bones of the manus are well 
shown in fig. 28. 

The carpus . — In the carpus of the typical specimen of Campto- 
saurus dispaVj No. 1877, Yale iluseum, Marsh recognized nine carpal 
bones, but I am unable to detect more than eight. Specimens in the 
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National Museum also show but eight. It appears that the number 
will vary in fully adult individuals, due to the fusion of the smaller 
with the larger members. 

The proximal row forms two distinct concave surfaces for articu- 
lation with the distal ends of the radius and ulna. These articulating 
surfaces are clearly defined, as in many of the fore limbs of the 
mammalia, an unusual condition as is well known to all who have 
attempted to articulate the limb and foot elements of mo.st members 
of the Dinosauria. The contour of these opposing articular ends is 
distinctly shown in fig. 27, which represents the right fore foot of C. 
broiv7ii^ and is reproduced from a photograph of the specimen as it 
was found in the quarry. 

The radiale (r)is an irregularly shaped, block-like bone, the most 

robust element of the carpus. Its 
proximal end forms the chief sup- 
port for the radius, the distal end 
articulates with ^letacarpal I and 
carpalia one. two, and three, and 
externally with the internal bor- 
dei* of the intermedium, with 
which it is often coossified (see 
fig. 27). The union with Meta- 
carpal I is at an angle of nearly 
45° to the main axis of the foot, 
and in all of the feet studied, 
where these elements were pre- 
served, they were found to be 
firmly ank 3 dosed, particularly 
along the anterior surfaces, as 
will be seen in fig. 28. This digit 
was thereb}" rendered immovable, 
• which is suggestive of the spike-like digit of the allied Igucuiodo^i. 

The inteniudium {in) viewed from the front is subtriangular in 
outline, the apex pointing toward the lilnare (see In^ fig. 28.) Its 
dorsal surface articulates with both the radius and ulna, but more 
especiall}^ with the latter: ventrally it is supported l\v ^Metacarpal 
III, and a small, irregularlv shaped element on the posterior internal 
part of this end which probably represents C;^. Although apj^arentl^^ 
in position in this foot, in the right fore foot of another specimen 
(Cat. No. 5473, U.S.N.M.), C 3 lies more over the proximal end of 
Metacarpal III, Avhich somewhat confirms its identification. This 
element, however, is about equall}^ divided between the intermedium 
and radiale. 

The idnare {n) is a cushion-like bone, its transverse being greater 
than the antero-posterior diameter (see figs. 27 and 28). It has a 




Fig. 28. — UiGHT fori: foot, Camptosaurcs 
DISPAR Marsh. Cat. No. 4277, U.S.N.M. ; 
J NAT. SIZE. Seen from tub front. 

c2, CARPAL TWO ; CARPAL FOUR \ C®, 

CARPAL five; in, intermedium; me I, 

METACARPAL I ; V, RADIALE *, H, ULNARE ; 
I TO V, DIGITS ONE TO FIVF. UNGUAL 
OF FIRST DIGIT RESTORED. 
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smooth, concave proximal end forming the chief support of the ulna. 
The anterior surface is convex transversel}", while the posterior is 
concave. It articulates with the intermedium b}' two facets on either 
extremity of the internal border. The intervening border being con- 
cave is not in contact with that of the intermedium. 

There are five small elements in the distal row of the carpus. 
Carpale one is a small ossicle-like bone wedged in between the ends 
of Metacarpal 1 and the radiale on the posterior side. It is not 
visible from the front aspect. In the forefoot of specimen Xo. 5-tT3, 
this element was in position but remained as a distinct bone. In Xo. 
4277, however, it is fused with both the radiale and Metacarpal I 
and is hardly recognizable. 

The second carpale in Xo. 4277 is a small, flattened, rectangular 
element which was retained in position on the proximal end of Meta- 
carpal II. Its thin, anterior border is visible in fig. 29 between the 
radiale and Metacarpale II. 

The third carpale is a wedge-shaped element coossified about 
equally with the posterior part of the surfaces of the radiale and 
intermedium. It articulates slightly with Metacarpal III, and al- 
though in other specimens it is visible from a front view of the foot, 
in this one it is not. 

Carpale five, seen from the front, is a lozenge-shaped element 
interposed between the outer distal surface of the ulnare and the 
proximal end of JMetacarpal V. Marsh has represented this element 
in the foot of C. dispar as contributing to the ulnar surface, but in 
the specimen here described, an outer extension excludes it from the 
ulnar surface. 

The metacarpus , — ^IMetacarpal I is much the shortest element of 
the series and in adult individuals is always fused with the radiale. 
The inner border of the proximal end rises to the level of the dorsal 
surface of the I’adiale and contributes slightly to the articulating 
surface for the radius. The distal end is convex dorso-ventrally 
with a pronounced median depression or groove. The short shaft 
is angular in cross section, being wider than deep. Fore and aft 
on the external lateral margin of the proximal end are two antero- 
posteriorl}^ elongated facets which articulate with corresiDonding 
facets on the internal margin of MetacaiqDal II. 

Metacarpal II is more than twice the length of the preceding 
and more slender. The proximal end is subtriangular in outline, 
its antero-posterior diameter being the greater. The articular sur- 
face of this end is comparatively smooth and gently convex antero- 
posteriorly. The shaft is somewhat constricted but expands again 
at the distal end, more especially in its transverse diameter. The 
external border of the distal end is produced distally below the 
internal, which deflects the phalanges of this digit inesially. The 
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posterior border is deeply concave transversely, being a continuation 
posteriorly of the median depression of this end. The proximal 
half of the external lateral surface is concave antero-posteriorly. 
forming a depression which receives a rugose convex surface on the 
internal lateral surface of Metacarpal III. The distal lateral sur- 
faces are quite smooth. 

Metacarpal III is the longest and most robust element of the five. 
Its proximal end is subtriangular in outline, being longer than wide. 
The shaft is constricted and at its smallest part would be subcircular 
in cross section. The distal end is expanded both antero-posteriorly 
and transversely. Like Metacarpal II this end is convex antero- 
posteriorly and concave transversely, although the median depres- 
sion is not so pronounced as in Metacarpals I and II. The external 
lateral surface of the proximal end is roughened and during the 
life of the animal it probably had direct cartilaginous articulation 
with iletacarpal IV. As mentioned above, the proximal end articu- 
lates 23rincii)ally with the intermedium and slightly with carpale 
three. 

Metacarpal IV is shorter and more slender than iletacarpal II, the 
shaft being more rounded. Viewed from above, the proximal end is 
subtriangular and has a smooth concave end which articulates closely 
with the distal end of carpale four. The distal end is proportionately 
less expanded than the preceding metarcarpals, and unlike them 
shows no pronounced median depression except on the anterior border. 

Metacarpal V is the most slender of the series, although longer 
than Metacarpal I. Seen from above the proximal end is triangular 
and like Metacarpal IV has a smooth, transversely concave articular 
surface for union with carpale five. On the internal lateral surface 
near the proximal end is a shallow concave depression which articu- 
lates with an outward projection on the jwstero-external angle of the 
proximal end of iletacarpal IV, forming rather a weak union with 
that digit. The shaft is constricted, especially antero-posteriorly, 
which gives it a flattened aspect. The distal end is but little ex- 
panded, being convex antero-posteriorly, without median depression. 



Mrat^urotu nts of nictdcurimJs of Cat, Xo. l 



Metacarpals, 


I. 


11. 


III. 


1 iV. 

i 


V. 


Length 


nuti. 

26 

33 

30 


mm. 

61 

31 

35 


mm. 

76 

35 

37 


mm. 

60 

40 

32 


1 mm. 

1 40 

38 
25 


Breadth of proximal end 


Breadth of distal end 





Phalanges , — The phalangial formula beginning with the first digit 
is 2, 3, 3, 3, 2. 

The proximal phalanx of the first digit is short, with lateral and 
dorsal surfaces quite evenly rounded and palmar surface flattened. 
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The internal side is longer than the external. The proximal articular 
end is concave supero-inferiorly, with a blunt median keel for articu- 
lation with the groove on the distal articular surface of Metacarpal I. 
The distal end is regularly convex supero-inferiorly and concave 
transversely. This description is based on the phalanx of the left- 
forefoot of C. hroictii The ungual of Digit I is inissing on all of 
the feet studied, but in the specimen shown in fig. 29 this element 
has been provisionally restored. 

The proximal phalanges of Digits II and III are short, stout, 
block-like bones. The i)roximal articular ends are concave supero- 
inferiorly, with a median concave depression. The second phalanges 
of the above digits are much shortened, with concave proximal and 
convex distal ends. The palmar surfaces are flattened and produced 
posteriorly into thin sheets which lie under the distal ends of the 
proximal phalanges of their respective digits. This posterior exten- 
sion is especially pronounced in the second phalanx of Digit IV. 

Digits II and III are terminated by relatively large, pointed un- 
guals, which were undoubtedly sheathed in horny claws, as indicated 
by a pair of lateral grooves on each ungual. The ungual of Digit II 
is considerably depressed ; the proximal end is subtriangular in out- 
line with concave supero-infcrior surface. The median dorsal sur- 
face is produced posteriorly and overhangs somewhat this articular 
end. The proximal end of this ungual of Digit III is higher than 
wide and in outline is irregularly rounded. The articular end is more 
deeply concave than ungual two. The anterior end is deflected 
toward the foot of the opposite side and is sharply pointed. The 
proximal phalanx of the fourth digit is much depressed, especially at 
the distal end, and expanded transversely at the proximal end. The 
articular surface of this end is concave supero-inferiorly with onh" 
a faint indication of a keel on the superior part of the median sur- 
face. The palmar surface is flattened. The transverse extent of the 
distal end is much less than the proximal. It is convex supero-in- 
feriorly with a suggestion of a concave median groove. The second 
phalanx of this digit is very short and supports a small, rounded, 
hemispherical, terminal phalanx which in life was probably" embedded 
within the integument of the foot. The proximal end of the latter 
is indicated by a concave surface. 

The proximal phalanx of Digit V is the most slender of the series. 
The upper articular end is about evenly concave in both transverse 
and vertical directions and tapers without noticeable constriction 
to the distal end, which is convex supero-inferiorly. The terminal 
phalanx of this digit is an irregular button-like ossicle. 

From the above description and figures of the manus of Ccanpto- 
saurus it will be seen that the weight of the body was borne prin- 
cipally on the three median digits, and that through disuse the fifth 
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was becoming atrophied. "\Miile this has not yet resulted in the 
elimination of any of the digits, yet the fifth is fast approaching a 
functionless condition. 



Mcasiifvnu'nts of phuUnKjvs of Specimen. Cat. Xo. U.S.X.M. 



^ Digits. 


I. 


II. 


III. 


IV. ' V. 


Greatest length first roM' of phalanges 

Greatest length second row of phalanges 

Ijanath rnw of ohiiUinP'PS 


: m m . 1 
1 «21 ! 


uon. 

1 26 ' 
1^48 


m m . 

1 34 

‘26 
/>50 


1 mm. mm. 
26 , 23 

« 16 6 
«10 







« Moasiiroments of olemonts of loft forofoot of Xo. 42S2, is a slif;htl.v siiialhu* indivkhml. 
* I<:stiniatod, tdomonts inoomplote. 



THE PELVIS. 



The pelvis of Camptomuru^.^ as sliown in Plates 15 and K), is quite 
characteristic of tlie genus. It is composed of the three elements, 
the ilium, ischium, and pubis, usually found in the pelvis of the 




Uhl 20. — Lept ilium of C.v.MPTos.vrRUs Di.sr.ui Marsh. Cat. No. .^47o, T.S.X.M. ; % nat. 
SIZE. External view. End of pubic peduncle missiao. From a rnoTOCRAPii. 



Dinosauria. The long, slender post-pubis, reaching to the end of the 
equally long shaft of the ischium, is distinctive of this group. With 
the exception of the ])ubis, the parts described below are of specimen 
Cat, Xo. 4282, U.S.X.M. 

The ilhim . — The ilium is an elongated plate-like bone, resembling 
in most of its characteristics the corresponding element of lejnanodon. 
44ie ])i*eacetabular ])rocess is long, nari'ow, and coni])ressed laterally. 
The ilia of this specimen lack the anterior termination, but in 6^ 
as shown by the ilium of Cat. Xo. 5473, U.S.X.M., the end is 
somewhat spatulate (see fig. 20). This long, slender process (‘xtends 
forward and outward, overhanging the posterior ribs. The superior 
border of the ilium is thickened and rounded transversely, and at the 
posterior end descends for a distance of 00 mm., at an oblique angle, 
gradually thickening to the point where it reaches the infero-internal 
])late. Vi(^wed laterally the ilium has a width of 87 mm. from where 
the superior bordei* begins to descend to the border where the inner 
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shelf is given off. The acetabular arch is bounded anteriorly by a 
rather wide but slender pubic peduncle directed downward and for- 
ward. The posterior peduncle for the ischium is heavy, broadly 
swelled, .with two roughened surfaces, more especially the posterior, 
which meet at an obtuse angle. The posterior and more inferior one, 
which is somewhat cupped, is for the articulation of the ischium. 
The roughened anterior surface api^ears to be for the attachment of 
the heavy pads of cartilage and ligaments which bound the pelvic 
bones together. Posterior to this process the inferior border is a 
sharp edge, which, as it extends backward gradually turns from a 
vertical to a nearly horizontal position, with a rounded, thickened, 
posterior termination. The upper half of the internal surface is 
smooth and gently concave from end to end. On the lower median 
internal surface are roughened cupped depressions, their greatest 
extent being vertical, for the articulation of the sacral ribs (see 
a*, Plate 15). These surfaces are separated by narrow, smooth, con- 
cave, nonarticular tracts. A shallow, roughened longitudinal groove 




Fig. 30. — Left ilium of Camptosaurus browni. Holotype. Cat. No. 4282, U.S.N.M. ; 
I NAT. SIZE. External view. Anterior end of preacetabular process restored 
AFTER that OF THE LEFT ILIUM OF NO, 5473 ( SEE FiG. 29). FROM A PHOTOGRAPH. 

on the thickened internal edge of the shelf-like projection mentioned 
above, may be for the reception of the transverse process of the fifth 
sacral. The greatest vertical width of the ilium is over the ischiac 
peduncle. 

The ilium is one of the most characteristic bones of the skeleton, 
and while the description given above shows all of the essential char- 
acters of the Camptosaurus ilium, it is found that in other species 
there are great differences of contour and propoi*tion. 

Measurements of Speeimen, Cat. No. J/282, U.S.N.M. 

mm. 

Greatest length of left ilium from posterior end to center of preacetabu- 



lar notch 392 

Greatest width over ischial process 75 

Greatest width from middle of acetabulum 115 

Greatest expanse of acetabulum 161 



The ischium . — The ischium is larger than the pubis and distally 
consists of a slender rod-like shaft which curves downward with an 
Proc. N. M, vol. xxxvi — 09 17 
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expanded hammer-like end (see 1«, fig. 31). The distal ends appear 
to have been in contact as well as the borders of the lower half of their 
shafts. In C. hrowni this bone is lightly constructed, in this respect 
approaching the ischia of C. merlins. The proximal end has a widely 
expanded Y-shaped extremity with two distinct articular faces (see (S^ 
Plate IG), the one for the posterior peduncle of the ilium being the 
heavier. Its articular surface is rugose aud deeply cupped. The 
articular surface for contact with the pubis is borne on a thin, quad- 
rilateral plate which extends down- 
ward and foinvard from the main 
shaft of the bone, and its upper antero- 
j:>osterior concave border completes the 
acetabular boundary. The straight, 
truncated end of this plate is flat and 
thickened transversely, and when in 
position abuts against an opposing 
articular face on the posterior end of 
the pubis at about the middle line of 
the acetabulum. The lower anterior 
border is also thickened and is in con- 
tact with a depressed articular sur- 
face on top of the postpubis, just pos- 
terior to the pubic foramen. Behind, 
the expanded head contracts rapidly, 
but again widens on the inferior border 
into a thin, lip-like, downturued, ob- 
turator process, against which the rod- 
like shaft of the post pubis rests (see 
Plate !()). Below this process the 
shaft contracts and continues as a 
curved, rod-like shaft to the distal ex- 
tremity. The position of the obtura- 
tor process, well up toAvard the articu- 
lar end, at once distinguishes the ischium of C((m pfosmirus from 
Ilyosiloplwdon foxii, Avhich has this process about midway betAveen 
the tAvo ends. 





Fig. 31. — Isciii.v or (’amptosaurus 
MEDius ^Marsii. Superior view. 
Yale Museum ; J .vat. size. U , 
ILIAC surface; lit , DISTAL ENDS OF 
same. After Marsh. 



Mcnsnrnncnis of Sprciuteu, Cat. Xo. Z/i82, U.S.X.M 

Greatest length of left ischium 

Greatest Avidth of proximal end 

Greatest Avidth of distal end 

The pnhis , — The description to folloAv is based on the pubis of 
C. (lisping No. 1878, Yale Museum, the postpubis from C, medhis^ No. 
1880, Yale Museum (see p\ Plate IG). 

As shoAvn in fig. 32, the pubis in Gamptosaurus is composed of a 
flattened prepubic element and an elongated, curved, slender post- 



al m . 

__ 

__ 194 
__ 79 
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pubis. The anterior portion is a thin, flat, vertical blade of bone, 
when articulated extends forward, downward, and slightly outward. 
The superior border is gently concave antero-posteriorly, and near 
the proximal end expands transversely into a triangnlar, roughened 
surface for contact with the pubic peduncle of the ilium. The 
proximal end is expanded transversely, forming a heavy, concave 
end which bounds part of the anterior and inferior borders of the 
acetabulum. 

The lower part of the proximal end has a rugose surface for con- 
tact with the antero-infero projection of the proximal end of the 
ischium. On the lower internal border of the proximal end the post- 
pubic bar is developed, which extends backward and downward be- 
neath and parallel with the ischium, reaching to the end of that bone. 
Between the anterior end of the postpubis and the posterior acetabu- 
lar surface of the ])repubis is a large pubic foramen, which, in some 
individuals at least, does not appear to have been entirely closed 
posteriorly. AATile the notch .is closed in three individuals studied, 
the union of the two surfaces is not to coalescence, the suture in all 
instances being visible. 




Posterior to the up- 
ward projection of the 
superior surface of the 
postpubis is a shallow, 
roughened depression 
which was in contact 
with the lower anterior 
prolongation of Ui e 
ischium. A cross sec- 
tion at the broken end of the postpubis of Cat. No. 4282, U.S.N.M., 
shows it to be subcircular in outline. The distal end is slightly ex- 
panded, especially in the ventral direction. In No. 1880, Yale Mu- 
seum, holotype of C. mediiis^ in which this element is complete, the 
postpubis is 480 mm. in length. Its distal end is 23 mm. wide in the 
vertical direction. 

The anterior ends of the pubes do not meet medially. 



Fig. 32. — Left pubis of Camptosaurus dispar Marsh. 
Taratype. No. 1S78, Yale Museum ; nat. size. 
External view, p , pubis ; p ', postpubis. After 
Marsh. 



THE HIND LIMB. 

The hind limb and foot in Camjytosaurus is about twice the length 
of the fore limb and foot and much more robust. The tibia is 
slightly shorter than the femur. There are four ossified elements in 
the tarsus, the calcaneum and astragulus being distinct. 

The femur , — Unfortunately the femora are lacking in Cat. No. 
4282, U.S.N.M.,.but in a second, larger individual both are present, 
and two more, representing as many individuals, were found in the 
collection. All are remarkably free from distortion, and in a fine 
state of preservation. The description to follow is based upon the 
femora of No. 5818 (see fig. 33). 
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The femur is the most robust bone of the skeleton. It has a curved 
shaft, and is compactly and strongly built throughout. The forward 
arctiiation of the shaft distinguishes this bone from all other known 
American predentate dinosaurs excepting Laosaurus and Dryosau- 
TUf<, A compressed inner or fourth trochanter (/>, fig. of the 
pendant type is developed on the postero-internal margin of the shaft. 
Dollo has called attention to this type of trochanter in Iguanodoii 

as indicating a powerful caudo- femoral 
musculature, as in some birds. In Camp- 
tosanru^, however, it appears more prom- 
inently developed than is found in any of 
the European i*epresentatives of this group. 
The fourth trochanter begins to develo]) 
somewhat above the middle of the shaft, 
the apex being directed downward and in- 
ward toward the distal end of the bone. 
Just anterior Jo the trochanter is a shallow 
vertical depre.ssion with a markedly rugose 
surface which extends out on the internal 
surface of the trochanter. The head (/^, 
fig. 8o) is well developed and subglobular 
in form, and is attached by a shoil, thick 
neck at nearly a right angle to the main 
axis of the shaft. The articular surface 
of the head is somewhat rugose, and this 
rugosity is continued along the superior 
surface of the greater trochanter to its 
external bordei*. A prominent lesser tro- 
chanter ((7, fig. 33) rises on the antero- 
external surface of the upper ]:>art of the 
shaft, nearly to the height of the greater 
Fig. 33.— Right femcr op trochantei*, as a ti’ansversely compressed 

M.uvsii. c.\T. No. 5S1S. blade, l^ostenorl}^ the lesser trochanter 

r.s.N.M. ; I N.\T. .SIZE, jg separated from the shaft by a deep, 

TROCHANTER ; b, INNER TRo- iiurrow clcft. I^eliiiid tlic head is a pro- 

ciianter; c , inner con- noiuiced groove separated from a second 

piioTOGRAni. concave depression on the posterior median 

surface of the shaft by a heavy, rounded, longitudinal swelling. The 
superior surface of the greater trochanter fig, T2) is wider and 
more gently rounded antero-posteriorly than the head. The distal 
end has the usual condyle shape, though the inner condyle (^?, fig. 33) 
is much more robust than the outer. The two condyles are separated 
by a deep, intercondylar groove, wider at the bottom than the top. 
Both condyles project decidedly backward. The anterior inter- 
condylar groove (i^, fig. T2) is wide and of moderate depth, con- 
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trastinfi: strongly Avith tlie deep, narroAv, almost “ tiinnel-sliaped,” 
anterior-intercondylar groove in Trachodon. The shaft of the femur 
appears to be someAvhat tAvisted, due to the alteration of the aspect 
of its surfaces, that Avhich at the proximal end is external becoming 
at the distal end anterior. There is a, small roughened area on the 
extero-posterior angle of the distal portion of the shaft for the 
attachment of muscles, and just aboA^e the beginning of the inter- 
condylar depression or grooA^e on the anterior surface is a second 
roughened patch. The outer surface of the outer condyle is decidedly 
concaA^e, forming a Avide, longitudinal depression at the distal end, 
in which a large tendon must have passed. 

Mcasin'cmeuts of Specimen, Cat, No, 58 IS, U.S,N.M, 

mm. 



Greatest length of right femur 592 

Greatest diameter of proximal end _ 190 

Greatest diameter of distal end ITS 



The tibia. — The tibia in Camptosaimis 
is shorter than the femur, in Avhich respect 
it may be distinguished from Laosanrus., 

Dryosaurus^ and Ily psilophodon foxii It 
is constricted medially, but greatly ex- 
panded at either extremity, the longer axes 
of the expanded ends being at nearly 
right angles to one another. The proximal 
end of the tibia shoAvs a division of the 
articular surface into tAvo condyles, which 
project posteriorly, sej^arated by an inter- 
condylar groove, the internal one (c, fig. 

34) being the heavier. A large enemial 
crest fig. 34) projects outward from 
the upper end of the shaft in front of the 
external condyle. 

The distal end is divided into tivo mal- 
leoli, of which the inner is the shorter and 
heavier, its articular surface looking down- 
ward and forAvard, Avhile the external is 
longer and thinner and looks directly 
downward. These are separated on the 
front surface of the bone by a shallow 
grooA^e. As in Tnceratoj)s^ the outer mal- 
leolus falls beloAV the superior border of 
the astragulus. Its flattened anterior sur- 
face was in contact with the distal ex- 
tremity of the fibula. The posterior sur- 
face of the distal end of the tibia is angularly convex transversely. 




Fig. 34. — Right tibia and 
ASTRAGULUS OF CaMPTO- 
SAURUS DISPAR M A R S H. 

Cat. No. 5S1S, U.S.N.M. ; 
c NAT. SIZE. Inner view. 
Uy astragulus ; b, enemial 

CREST ; C, INNER CONDYLE. 

From a photograph. 
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Measurements of Specimen, Cat, No. 5SJS, U.S.N.M. 



rmn. 

Greatest length of right tibia 531 

Greatest diameter of proximal end 222 

Greatest diameter of distal end 90 



The fTnila , — The fibula of Xo. 1877, Yale Museuni, is a slender 
bone, being somewhat shorter than the til)ia. It has a flattened shaft 
above, which is subcylindrical below, with flattened expanded ex- 
tremities. The face of the proximal end which was applied to the 
tibia is concave antero-posteriorly, Avhile the outer surface is convex. 
The articular surface of this end is nearl}^ straight antero-posteriorly, 
but roughened and gently rounded transversely. The expansion of 
the upper end takes ^flace more especially toward the anterior border 
which overhangs considerably the constricted shaft. As with the 
tibia, pianos passed through the longer axes of the expanded articular 
ends would cut one another at nearly right angles. Internally the 
distal extremity is plain and was closely applied to the opposing 
flattened surface of the outer anterior face of the tibia. The articular 
end is roughened and concave and viewed from below is semicircular 
in outline. The shaft has a small medullary cavity. The distal end 
ailiculates closely with the upper surface of the calcaneum. 

THE HIND FOOT. 

The astragnlufi , — The astragulus, although closely a})plied, was 
not ankylosed to the tibia, even in adult individuals. Its upper 
surface is the counterpart of the inner articular surface of the tibia. 

The upper surface (see fig. 34) is deeply concave from front 
to back and divided by a ridge, which marks out two portions cor- 
responding to the inner and part of the outer tibial malleolus. These 
two surfaces meet one another at an obtuse angle. The distal sur- 
face is convex antero-posteriorly, with a broad, shallow depression 
medially, making this surface slight h" concave transversely. The 
anterior margin is a thickened lip. The posterioi* margin is stout, 
and viewed from above, terminates in a heavy, angidar, posterior 
point. The inner end is comparatively thin and probably non- 
articular, although a lu'ominently developed projecting knob on 
the antero-internal angle appears to have been closely apposed to 
the distal inner surface of the fibula. The anterior half of the 
external depression of the dorsal surface is nonarticular and did 
not come in contact with the tibia, but formed the walls of an open- 
ine: leading down between this bone and the os colds. The outward 
knob-like jDrojection overlajDS the outer surface on the distal part 
of the tibia. On the anterior internal surface, just below the supe- 
rior bordei", is an elongated pit. 

There is no ascending process on the astragulus of Camptosaurvs, 
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Mataiimnnitfi of Specimen, Cai, Xo. 5818, 

mm. 

dreatest traiisvorse diauioter _ 180 

Greatest aiitero-posterior diameter 05 

77ie calcaneum , — Seen from the outside, the ealenneum is suberes- 
ceiitic in outline. The upper surface is divided by a diagonal ridge 
into two articular faces. The anterior one, which is above the heavier 
end of the bone, receives the distal end of the fibula. The posterior 
articular portion has its surface beloAV the level of the fibular surface 
and is deeply concave antero-posteriorly, and receives the outer part 
of the tibial malleolus. This portion has the greatest transverse 
diameter. The posterior margin is rounded transversely and turns 
up as a thickened rounded lip. The ventral surface is convex from 
front to back, the inner border being in contact with the outer edge 
of the astragulus. The outer surface vertically is gently concave. 
The calcaneum is represented in two individuals in the National 
Museum, Cat. Nos. 5473 and 59G1, also in the holotype of C . dispar. 
No. 1877, Yale iNluseum, which, being the most complete element, 
furnished the following measurements : 

MaiHiu'cmcniH of Specimen, Xo. 1877, Yale Museum. 

mm. 



Greatest extent aiitero-posteriorly of calcaneum ^ 87 

Greatest extent transversely of calcaneum 55 



Distal tarsals . — The distal row of tarsals (see C fig* in Camp- 
tosanrus consists of two flattened, cushion-like bones, which remain 
distinct, never fused with the metatarsals, as Hulke has suggested 
in I guanodon.^ and whose separateness would be restricted to the 
embryo. The external one, viewed from above^ is subtriangular in 
outline. Its proximal surface is shallowly cupped, the narrowed 
portion being directed backward. The distal articulating surface 
is concave antero-posteriorly and fits closely to the proximal end of 
Metatarsal IV, as shown in fig. 35. There are deep longitudinal pit- 
like depressions on the anterior and internal surfaces. Both proxi- 
mal and distal articulating surfaces are smooth. The tarsal borne 
by Metatarsal III is an irregular elliptical shaped bone, someAvhat 
thinner than the outer. Its distal articulating surface and all of the 
surrounding edges are roughened and j^itted. This surface is 
slightly convex, while the proximal surface is gently concave and 
quite smooth except near the edges. In specimen. Cat. No. 4277, 
U.S.N.M., these elements have been retained by the matrix in their 
mutual relationship with the metatarsals, so there can be no question 
concerning their exact position. Even without this positive evidence, 
the conformation of their surfaces Avith the proximal ends of the 
metatarsals would have enabled one to place them accurately. 
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Measurements of Specimen, Cat, No. 4277, U.S.N.M. 

mm. 



Greatest transverse diameter of outer tarsal 52 

Greatest aiitero-posterior diameter of outer tarsal 72 

Greatest transverse diameter of inner tarsal G4 

Greatest antero-posterior diameter of inner tarsal 92 



The metatarsals . — There were three functional digits in the hind 
foot, the first being rudimentary and the fifth wanting. The meta- 
tarsals are much longer and heavier than the metacar2:>als, the third 

being the longest. 
The proximal ends of 
the second, third, and 
fourth metatarsals are 
in the closest mutual 
apposition, their 
shafts being closely 
applied for about one- 
half of their length. 
The third and fourth 
support the two 
cushion-like tarsalia. 

The metatarsal of 
the first digit is a 
short, splint-like, ir- 
regularly curved bone, 
with a smooth, 
rounded proximal end 
compressed laterally. 
The thickened rugose 
distal articular end 
looks out obliquely 
from the main axis of 
the shaft, and sup- 
ports two phalanges. 
It appears quite as 
Marsh has described 
it as being rudi- 
mentary and i:>robably did not reach the ground. It articulates loosely 
with Metatarsal II, lying in a broad, shallow, longitudinal depres- 
sion on the inner proximal half of this metatarsal. 

The second metatarsal is slightly longer than the fourth, the third 
being longest. The j^roximal end is compressed transversely, but is 
much lengthened antero-jDOsteriorly. The face which is applied to the 
third is jdane, while the outer surface is irregularly concave. The 
articular end is gently convex antero-posteriorly, and has a roughly 
pitted surface. Just below the middle of the shaft on the antero- 




Fig. 3.5. — Right hind foot. Camptosaurfs dispar 
Marsh. Cat. No. 4277, U.S.N.M. ; 5 nat. size. Seen 

FROM THE front: t, TWO TARSAL P.ONES OF THE DISTAL 
ROW ; I, II, in, IV, FIRST TO FOURTH DIGITS. UNGUALS 
OF DIGITS I, III, AND IV DRAWN FROM THE FEET OF 
OTHER INDIVIDUALS. 
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external border a thin lip-like ])i*ocess is developed which laps over 
and is closely applied to a roughened surface on the antero-internal 
border of the shaft of Metatarsal III. At this point the shaft is 
bent outward, which throws the distal part away from the median 
bone. The distal end is stout, and subquadrilateral in outline, ex- 
cept that it is bisected by a deep, rounded notch on the posterior 
border. This end is rounded antero-posteriorly. The pits for the 
attachment of lateral ligaments are large and fairly deej^. The 
proximal end of the third metatarsal is roughly triangular in outline, 
the thickened portion being in front. The articular surface is 
roughened and slightly concave for the reception of the flattened 
tarsale of the distal row. The inner surface of the proximal half 
is plane, but below, this border of the shaft is rounded. Viewed 
anteriorly the bone remains about the same width, being slightly ex- 
panded at the distal end. Viewed laterally, however, the shaft con- 
tracts rapidly from the proximal toward the distal pulley-like articu- 
lar end. The external surface of the proximal end has two oblique 
faces, which are oj^posed by the excavated internal surface of the 
fourth metatarsal. The pits for the attachment of lateral ligaments 
are large but shallow. 

Seen from the proximal end the fourth metatarsal is subtriangular, 
the apex being directed outward. The slightly roughened articular 
surface in front is concave and receives the distal tarsale closely. 
The internal surface of the upper half is roughened and fits closely 
to the upper surface of the third metatarsal. The shaft is com- 
pressed antero-posteriorly and is wider than thick. As in the second 
metatarsal the lower half diverges outwardly and is free from the 
median or third metatarsal. The distal end is expanded, more espe- 
cially antero-posteriorly than laterally. The distal articular end is 
rounded and roughened on the posterior but smooth on the anterior 
half. The pits for the lateral ligaments are large, the internal being 
shallow, the external very deep. The numbers of the phalanges, 
beginning with the first, are 2, 3, 4, 5, and correspond, as Ilulke ® has 
pointed out, to the first, second, third, and fourth toes in the foot of 
existing lizards and birds. IlyfsilopTiodon foxii has the same for- 
mula. The proximal phalanges are rather long, with pulley-shaped 
distal and concave proximal ends. The phalanges have their articu- 
lating ends closely applied to one another. A median rounded verti- 
cal ridge on the proximal end fits into a corresponding depression 
on the proximal end of another, thus forming a strong union which 
would allow but little lateral motion. There are deep, well-defined 
lateral pits for the attachment of ligaments on most of the i^halanges. 
The second, third, and fourth phalanges of Digit IV are considerably 
more shortened than the other phalanges. The ungual phalanges 
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are long, pointed, and slightly curved longitudinally and laterally, 
being deflected inward. They are somewhat depressed, except the 
ungual of Digit I, Avhich is higher than wide, and more sharply 
pointed. They were undoubtedly incased in compressed x^ointed 
claws, as indicated by a pair of lateral grooves on each ungual (see 
fig. 35). The ungual of the second digit is the more robust of the 
series. 

Measurements of the right hind foot of Speei)nen, Cat, No, J/277, U.S.N,M, 



Digits. 



I. II. 



III. 



IV. 



Greatest length of metatarsals 

Greatest aiitero-posterior diameter proximal end of metatarsals 

Greatest transverse diameter of proximal end of metatarsals 

Greatest transverse diameter of distal end of metatarsals 

Greatest length 1st row phalanges 

Greatest length 2d row phalanges 

Greasest length 3d row phalanges 

Greatest length 4th row phalanges 

Greatest length 5th row phalanges 



133 
15 
6 
26 
58 
a 59 



212 

118 

55 

64 

95 

69 

94 



234 

106 

66 

76 

85 

53 

43 



a 90 



202 
77 
81 
45 
63 
39 
30 
29 
0 81 



“ Measurements from other individuals of about same proportions as No. 4277. 



THE GENUS CAMPTOSATHIUS. 



In a paper published in December, 1879,'^ Prof. O. C. Marsh pro- 
posed the genus Camptonotits^ and at the same time described two 
sjDecies, C, dinpar and C, ampUts^ both from tlie ^lorrison beds ( Atlan- 
tosaurus beds of Marsh) of the Upiier Jurassic. In the same article 
he prox:>osed the family Laosauridte to include the two genera Lao- 
sauriis and Camptonotiis, 

In 1881,^ without comment, he j^roposed the family Camj^tonotidiu, 
under which the following genera were included: ('amptonot^is,, 
Laosauriis,^ Xaiiosauras,^ and Diracodon, In 1882 ^ he briefly defined 
the family, including in it the European genus IlypsUophodon,^ 
Diracodon being removed to the Stegosanridie. 

The name Camptosaurus was jorox^osed by Marsh in 1885 to re- 
Xdace Camptonotiis^ X^^’^^ccupied. 

Dollo,^ in 1888, gave an emended definition of the family, using 
the older term Camptonotidae, under which he x^hiced the two genera 
Camptonotas and Ilyjmlophodon, To distinguish the former from 
the latter, Camptonotiis^'^ is defined as follows: ‘‘Two xdialanges 

in manus-digit-V. Preacetabular x^i’ocess of the ilium slight. No 
rudiment of x^es-digit-V.” 

In 1880, LATlekker f referred three species to the genus Camp- 
tosaurus^ C, Jeedsi,, G, valde7isis,^ and C, prestioichii, Seely’s genus 



«Amor. Jonni. ScL, XVIII, 1879, 501-903. 

^Iclorn, XXI, ISSl, p. 423. 

XXIII, 1882, p. 84. 

^Idem, XXIX, 1885, p. 1(59. 

<’Coinpt. rend. Acad. Paris, CVI, 1888. pp. 775-777. 
f Quart. Journ. Geol. Soc. London, XLV, 1880, pp. 47, 4S. 
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Cumnorhi being* eonsideml a synonyiu. In 1860 he characteiazed 
the genus as follows: 

Tooth simplor than in tho typioal i;roiip of Itjnanoihtn, Corvical vortelmo 
oi)isthoeoelons ; sacrals llattonocl inforiorly and not aiichylosod ; manus with five 
normal digits. Ilium typically deep with short and pointed pro- and postace- 
tabiilar processes, the latter having a distinct ventral j)late; i)nhis relatively 
stout and long as ischium. Femur slightly longer than tibia, with curved 
shaft and pendant inner trochanter: typically four functional digits in pes. 

In 1894,^ INIarsh published a restoration of the skeleton of Gump- • 
tosaurus dupcu\ and additional characters relating to the osteological 
structure were noted. P^our months la ter, ^ he brietly described the 
two species, 6^ medius and 6^ nanus ^ and at the same time character- 
ized the genus as follows : 

Premaxillaries odontnlous with horny beak. Tooth largo, irregular, and few 
in number. A supra -orbital fossa. Cervical vertebra^ long and opisthocoelons. 
Lumbars present. Five free vertebra; in sacrum, with peg-and-notch articula- 
tion. Limb bones hollow. Fore limbs small. Sternum nnossifie<l. Five func- 
tional digits in manus. Prepiibis long and broad, postiJubis elongated. Femur 
longer than tibia. Metatarsals short. Three functional digits in pes: the first 
rudimentary and the fifth wanting. 

In 1805 Marsh redefined the family CamptosauridcT, retaining 
in it only the genus G amptosaarus^ the other genera being removed 
to separate families proposed for them. This definition was re- 
peated, with a few additions, in 1800, in his ‘'Dinosaurs of North 
America ^ 

In 1800, Nopcsa f gives a brief preliminary description of a new 
species, G. inkeyl^ from the Cretaceous of Hungary, and in 1001 ^ 
placed the genus under the subfamily Camptosaurida\ 

In 1002, Hay'^ included under the family Camptosauridte ‘ the 



«Cat. Fossil Iteptilia and Amphibia in Brit. IMus., Suppl. to Pt. 4, ISOU, p. 2.jU. 
^ Amer. Journ. Sci., XLVIl, 1804, pp. 245, 240, i>l. vi. 

^‘Ideiii, XLVUI, 1804, pp. 85, 88. 

^ Idem, L, 1805, p. 407. 

^16th Ann. Kept. U. S. Geol. Surv., Pt. 1, 1800, ]\ 243. 
f Denk. k. Akad. Wien, LXVHI, 1800 (lOOU), p. 570. 
fi^Foldtani Kozluny, Budapest, XXXI, 1001, p. 210. 

^aiull. Xo. 170, U. S. Geol. Surv., 1002, p. 501. 

^ Laosauridai Marsh has priority over Camptosauridje Marsh, and if 
Laosaunis is to be included in the same family with CamiJtosaunis, the former 
name should be retained. On the other hand, if the two forms represent 
distinct families, as originally proposed by Marsh, Cainptosauridje is repre- 
sented by the genus Ciunptosuiinis, and Laosauridje by the genera Lcosaunis 
and Dryosaurus, The superfaiuily Ignanodoiitidea proposed by Hay in his 
Bibliography and Catalogue of the Fossil Vertebrata of Xorth America (p. 
500), should then include the families Cam])tosaurida?, I.aosanrid;e, Xanosau- 
rid:e, TrachodontidJe, and the European Iguaiiodontidie and Ilypsiloifiiodontidie. 
For obvious reasons, Thcspcfiius Leidy should be removed from the Iguano- 
dontidai to the Trachodontidie. 
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genera Camptosanrus Laosaurufi^ and Dryosanrus^ Xanosaui^us be- 
ing retained under the family Xanosaurida3 as originally proposed 
by Marsh. 

In the same year, Zittel® defines the genus Camptosaurus thus: 

Attaining a total length of ahont 10 m. Cervical ribs short; dorsal vertebne 
ainphiplatan ; sacrals not anchylosed. Pnbis robust, postpubis of equal length 
with the long and slender ischium. Pendant inner fourth trochanter of femur 
marked. Proximal tarsals separated. 

As shown by a recent study of the typical specimens in conjunc- 
tion with all other available material, it is found that the earlier 
definitions of the genus, as briefly revieAved above, are in .some re- 
spects in error. Such inaccuracies as have been detected caii, in most 
instances, be attributed to the incompleteness of the material at the 
command of the earlier autliors. 

The characters displayed by the discovery of neAV material, com- 
bined with a restudy of the typical specimens, .show that the genus 
Camptosaurus may now be characterized as follows: 

Generic characters. — Preinaxillaries edentulous^ leith horny heah\ 
Teeth large.^ irregular and comparatively few in niimher. A supra- 
orbital fossa. Cerviecd vertebra^ posterior to the third opisthocoelous 
manns %vith five digits^ metacarpal of first digit ankyloscd %vith 
radiale. Ilium with long preacetabidar process. Pubis %vell devel- 
oped.^ with broad anterior blade ^ post pubis elongated reaching end of 
ischiu7n. Ischium with long shaft terminated by an expanded ham- 
mer-like end. Femur curved.^ longer than tibia, icith pendant inner 
trochanter extending on to the distal half of the shaft. Astragalus 
and calcaneum free.^ former without ascending process. Pes robust 
tvith four digits.^ first behig rudimentary. 

C amptosaurus dispar is the type-species of the genus, and, as will 
be discussed later, was founded on the remains of at least two and 
maybe three individuals, all from the Jurassic, Quarry Xo. 13, near 
Como, Albany County, Wyoming, Eight species have been described 
as pertaining to this genus, of which four are American and four 
European. An alphabetical list of the sj^ecies assigned to the genus 
is given below. 

ALPHABETICAL LIST OF SPECIES.* * 

Camptosainnis am plus Mai\sh. (Xo. 1879, Yale University 
Museum.) 

Camptosaurus browni.^ new species. (Cat. Xo. 4282, U.S.X.M.) 

"Text-book of 1‘aleoutology, English Translation, II, 1002, p. 238. 

* In Fbldtani Kdzldny, Budapest, XXXI, 1001, p. 210, Nopcsa inadverently 
includes Dryosaurus altus (Marsh) in a list of the described species of 
Camptosato'us. Marsh first described this form as Laosaurus altus and later 
referred it to Dryosaurus. While it represents a closely related genus, it is 
quite distinct from Camptosaurus. 
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Camptosaurus depressus^ new species. (Cat. No. 4T53, U.S.N.M.) 

Camptosaurus dispar Marsh. (No. 1877, Yale University Mu- 
seum.) 

Campfosanrus inl'ei/i Nopcsa. (Location of tyi^a unknown.) 

Camptom.uras leedsi Lytl<^kker. (Coll, of A. N. Leeds, Eyebury, 
England.) 

CamjytosauriLS mcdiias ^larsh. (No. 1880, Yale University Mu- 
seum. ) 

Camptosaurus nanus Marsh. (Cat. No. 2210, U.S.N.M.) 

Camptosaurus presticichii Lydekker. (Museum in Oxford, P^ng- 
land.) 

Camptosaurus raldensis Lydekker. (No. R107, British Museum.) 

SYSTEMATIC DESCRIPTION AND REVISION OF SPECIES. 

In the description and revision of the various species to follow, 
Hatcher's method of treatment in his monograph on the Ceratopsia is 
adopted, with modifications. A reference to the original description 
of each will first be given, followed by references to the more impor- 
tant literature which further elucidates the species under considera- 
tion. These references will be arranged in chronological order. 

Mdien possible, the parts constituting the type will be listed and 
definitely located, also the name of the museum to which each belongs, 
as well as the distinctive catalogue numbers which have been assigned 
to them. The locality and geological horizon from which the speci- 
men came, and the name of the collector, when known, will be given, 
so that in each instance a permanent record of the character and loca- 
tion of the type material will hereafter be available. 

In the discussion of the species, the original description of each will 
first be quoted, followed bv a further description of such parts of the 
skeleton as considered not sufficiently elucidated in the original text, 
and a presentation of my own views. In conclusion an attempt will 
be made to give a brief characterization of each valid species. 

CAMPTOSAURUS DISPAR Marsh. 

CampfonotHs dispar Marsh, Anier. Joiirn. Sci. (3), XVIII, 1870, pp. 501- 
503, pi. III. 

Camptosaurus dispar Marsh, Amer. Jonrn. Sci. (3), XXIX, 1885, p. 100. 

Camptosaurus dispar Lydekker, R. Cat. foss. Reptilia and Amphibia Brit, 
Mus., Pt. 1, 1888, p. 102, ttg, 30. 

Camptosaurus dispar Marsh, Amer. Joiirn. Sci. (3), XLIV, 1802, p. 170, 
pi. v; XLVII, 1804, pp. 24.5-240, pi. vi ; XLVIII, 1804, p. 85, pi. v, fig. 1; 
Geol. Mag., Dec. .3, I, 1804, pp. 303-105, pi. vi ; IGth xVnn. Rept. U. S. 
Geol. Surv. 1804-05, Pt. 3, 1800, p. 100, pis. liv, lvi ; Compt. rend., 3 me 
Congres International de Zoologie, Leyden, 1800, pp. 100-211, fig. 7; 
Mon. U. S. Geol. Snrv., XXVII, 1807, p. 502, pi. xxiii ; Amer. Journ. 
Sci. (4), VII, 1800, p, 232, fig. 2, 
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(himnora {Camptosuurus) dispar Williston, Auier. Xat., XXIV, ISOO, 
I>. 472. 

Camptosanrus dispar Zittel, Haudbiich der Paleoutologie, I, 1890, p. 756, 
fig. 6GG. 

Cawptosaiivus dispar Furbringer, Jeuaiscbe Zeitscbr. f. Natiirwiss., Jena, 
XXXI V, 1900, p. 350. 

Cam ptosa urns dispar Xopcsa, Foldtani Kozloii3% Budapest, XXXI, 1901, 

p. 210. 

Cam ptosa urns dispar Hay, Bull. No. 179, U. S. Geol. Siirv., 1902, p. 501. 

Ilolotype. — Xo. 1877 consists of the atlas, axis, seven cervicals, first 
dorsal, left scapula (lacking upper half of the blade), left coracoid 
(also incomplete), two femora, tibia, fibula, astragalus, calcaneiim, 
nearly comi^lete pes, and two manus, 

Paratype, — Xo. 1877r^ so far as I am able to determine, consists 
of a sacro-dorsal and four sacral vertebrae, all united by suture. 

Paratype. — Xo. 1878 consists of the left ilium, pubis, and ischium, 
figured in the original description, together with a humerus, radius, 
and ulna. 

The description calls for teeth and part at least of the lower jaws. 
It may be Marsh refers here to a pair of incomplete jaws, Xo. 1888, 
in the same collection, but this can not now be absolutely detennined. 

The above si^ecimens were all collected by j\Ir. W. IL Iteed from 
Quany Xo. 13. Jurassic (^lorrison beds), 8 miles east of Como, 
W3"oming, and are now preserved in the collection of the Yale Uni- 
versity Museum. 

The original description is as follows: 

The pres(Mit genus is most nearly allied to Laosaurus, but differs in several 
points. The cervical vertebrie are all opisthocoelous, while those known in 
Laosaarns are nearly plane. The ])uhis, moreover, is broad and thin in front 
of the acetabulum, and directed well forward. It has a deep, well-marked 
articular face for the siii)]iort of the femur. The ischium is exi)anded at its 
distal end, and has an extensive surface for union with its fellow. The femur 
is longer than the tibia. 

This genus agrees with Laosanrus in one important character, namely, the 
sacral vertebrae are not coossified. That this is not merely a character of 
immaturity is shown by some of the other vertebne in the tyjie specimen, which 
have their neural arches so completely united to the centra that the suture 
is nearly or quite obliterated. To this character of the sacral vertebne the 
name of the present genus refers. With Laosaurus this genus forms a distinct 
family, which may be called Laosaurida\ 

The teeth in Camptonoins resemble those of Laosanrus, and are in a single 
row ill close-S(4 sockets. The rami of the lower jaws were united in front 
only by cartilage. There are nine cervical vertebne, all of which hear short 
ribs, as in the Crocodiles. The dorsal vertebrie have their articular faces nearly 
plane. The sacral verte!)ne in all the known specimens are sejiarate, and 
their transverse proces.ses are each supported by two centra. The chevrons 
have their articular faces joined together. 

The fore limb is much reduced in size. There are five digits in the manus, 
supported by nine carpal bones, three of which are united in one on the radial 
side. The number of phalanges, beginning with the first digit, was 2, 3, 3, 3, 2. 
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The form and proportion of the various elements of the fore limb are shown in 
Plate IIP lig. 1. 

The pelvic arch is quite unlike any hitherto described. In its .general form 
the ilium resembles that of Morumunis, l)ut the proportions are reversed. The 
massive ])ortion in the present j?enus is not in front, I)ut Indiind, as the ischium 
is larger than the pubis. T"he relative position and form of the elements of 

the pelvic arch are shown 
ill the figure below. 

The femur has a long 
pendant third trochanter, 
and a prominent ridge to 
l)lay between the tibia 
and fibula. The tibia is 
stout, and some w h a t 
shorter than the femur. 
The fibula is slender, and 
shorter than the tibia. 
The astragnlns and cal- 
caneum are distinct. 
The second row of tarsals 
contains but two liones. 
The first digit in the pes 
was rudimentary, and did 
not reach the g r o u n d. 
The second, third, and fourth were well developed. The fifth was entirely 
wanting. The number of phalanges, beginning with the first digit, was 2, 3, 4, 5. 
The structure of the hind limb and foot is well shown in Plate III, fig. 2, which 
is taken from the same skeleton as fig. 1. 

Some of the principal measurements of the present species are as follows : 



United length of the nine cervical vertelme 5G5 

Length of axis_> 54 

Transverse diameter of posterior articular face 41 

Length of ninth cervical vertebra : 64 

Transverse diameter of posterior articular face 63 

Length of humerus 337 

Length of radius ^ 245 

Length of ulna 260 

Length of femur 565 

Length of tibia 555 



The known remains of this species indicate an animal about 8 or 10 feet in 
height and herldvorons in habit. All the specimens discovered are from the 
Atlantosaurus beds of the Id^per .Jurassic. 

Concerning the status of the material upon which the above genus 
and species was founded, Dr. R. S. Lull writes me as follows: ‘‘I 
find an old manuscript sheet in Marsh's writing in which No. 1877 is 
called the type of C. dispar. Professor Schuchert and I have de- 
cided therefore that 1877 should be the holotype and 1878 the para- 
type." No. 1877r/ ma}^ pertain to the holotype, but, as shown later, 
appears to represent a distinct individual. 




Fig 3G. — Pelvic arch of Camptosaurus (Camptonotus) 
DISPAR Marsh. N<j. 1878. Yale Museum; side view; 
^ NAT. SIZE, a, acetabulum; n., ilium; is., ischium; 
p, PUBIS ; p' posTPL bis. After ^Iarsh. 
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While Marsh in the above description brings out most of the essen- 
tial characteristics of this form, a recent examination of the type 
specimen, combined Avith a study of additional inaterial, shows that 
several of the observations made at that time are not substantiated. 
These remarks apply particularly to the description and figures of 
the scapula and ilium, the latter, as will be shown later, being one 
of the most characteristic elements of the skeleton. 

In a note published in the American Xaturalist,® Dr. S. W. Wil- 
liston first called attention to the perpetuation of an error by ilr. 
Richard Lydekker, Avho was struck with the great resemblance be- 
tween the ilia (excepting the preacetalndar portion) of Camptosaurus 
dispar and Ujuanodon dairsoni. Doctor Williston sa3^s: 

The fact is that the figure of the former is wrong. The anterior portion of 
the ilium of the type had been broken off and weathered, indications of which 
are distinctly seen in the specimen. l*rofessor Marsh had this demonstrated 
to him more than five years ago, and there are other ilia in the Yale Museum 
in which this process Ls complete. 

I quite agree with Doctor Willistou's observations with the excep- 
tion that none of the ilia in the Yale Museum, so far as I could find, 
show the complete preacetabular process, but there are other speci- 
mens in the collection which have considerably more of the process 
preserved than is shown in the ilium figured. That ilarsh clearly 
recognized the incorrectness of his first figure is evident, since in a 
later paper ^ he republished a figure of the pelvic bones of C. dispar 
to the ilium of which had been added in outline a long, sharply- 
pointed anterior process. That he was still in error is clearly shown 
bv the left ilium of C. dispar^ Cat. Xo. 5478, U.S.X.M., which is termi- 
nated anteriorlv by a somewhat rounded spatulate end (see fig. 29). 

The incomplete scapula of the holotype was correctly figured on 
Plate *3, fig. h in the original description, but later ^ the scapula 
and coracoid are represented as being complete. I am at a loss 
to understand, however, upon what evidence Alarsh based this res- 
toration of the upper free extremity of the scapula, which is so 
entire!}^ different from all other scapulfe pertaining to the members 
of this genus. None of the ten or more scapulae examined by 
me shoAv anterior expansion of this end, but all agree, with slight 
variations, in having the same general contour as the scapula of No. 
4282, seen in fig. 23. I dwell on the correctness of the contour of 
the tvpe of C. dispar^ from the fact that the specific characterization 
of C . nanus (see fig. 40) given by Marsh was based primarily upon 
the differences in contour displayed by the scapulrc of the two 
specimens discussed here. 



«Amcr. Nat.. XXIV, ISOO, pp. 472^73. 
^ Amer. Journ. Sci.. XLIV, 1892, pi. v. 
^Iclem, XLVIII, 1894, pi. v. 
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Detailed description . — The skull ami jaws of the holotype are un- 
known, and the complete neck with the first dorsal is all that is 
preserved of the vertebral column of this individual. The cervicals, 
posterior to the third, are all opisthocoelous, the second and third, 
as in the other species of the genus, being plano-concave. The 
median ventral keel is wider and heavier, and the centra are not so 
deeply excavated laterally as in C. hrowni. The cervical region of 
the holotype of C. meeJins being still inclosed by the matrix, direct 
comparisons with that species could not be made. 

The first dorsal, as in 0. hrowni., is opisthocoelous and shows the 
same transition of the j:)arapophysis from the anterior end of the 
centrum in the ninth cervical to a position well up on the side of 
the neural arch on this vertebra. It is the first vertebra of the series 
to bear a true spinous process — a short spine 11 mm. high, slightly 
thickened and roughened at its upper extremity. The neuro-central 
sutures are plainly shown on all of the vertebra^ preserved. 

The sacrum. No. 1877^;, Yale University Museum (see Plate 13), 
although considered by jNIarsh as pertaining to the holotype, in all 
probability belongs to another individual. This is shown by a com- 
parison of the measurements of the cervical and sacral vertebrae with 
the homologous parts of Cat. No. 4282, U.S.N.M., the propei* associa- 
tion of the difterent elements of this skeleton being unquestionable. 
Referring to the table of measurements on page 243, it will be 
seen that the cervicals are smaller and the sacrals larger than 
those of No. 4282. On account of the difference in proportions noted, 
I am inclined to believe the sacrum represents a distinct individual, 
and should, therefore, as it was included in the material first de- 
scribed, be considered a paratype, to which the catalogue number 
1877a has been given to distinguish it from the holotype, No. 1877. 

In the sacral region of No. 1877a there are five vertebrae united 
by suture, of which the posterior four represent true sacrals, or those 
which give support to sacral ribs. This interpretation excludes the 
anterior vertebra of the series which may be regarded as sacro-doi'sal 
(a, Plate 13), as shown by the weak diapophyses which carried a 
single-headed rib. Marsh has described the peculiar peg-and-notch 
articulation (see 3, fig. 37) of the centra of this region and makes ' 
it an important feature of the genus, but after a study of several 
sacra I am inclined to believe too much stress has been laid on this 
character, as it appears to be a variable one. For example, in the 
sacrum of C. hrowni this peculiarity is only weakly developed be- 
tween S 3 and S 4 (see fig. 17), and in C. nanus there is only the 
suggestion of such an articulation. In the sacrals under discussion 
this articulation is faintly shown between S, and S^, more pro- 
nounced between So and S 3 , and strongly developed between S 3 and 
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S 4 (see fig. 37). The ventral surfaces of all the centra are flattened, 
with a slight, median, longitudinal depression, which at once dis- 
tinguishes them from the keeled or haemally rounded sacral centra 
of C. hroicm. The ventral surface of the sacro-dorsal is regularly 
and evenly rounded and is without the decided keel present in that 
of C. hroicni. 

The two spinous processes preserved (see Plate 13) rise as thick- 
ened plate-like spines, the upper termination being thickened trans- 
versely, especially on the anterior part of this end. The spine of 
the sacro-dorsal is heavier anteriorly than the spine of sacral one, 
and probably indicates the culmination in the development of the 
spinous processes. The border below the thickened termination is 
compressed and presents a sharp anterior edge. The posterior bor- 
der is somewhat thickened and has a shallow, vertical groove which 
may have received the sharp anterior edge of the spine })osterior to 

3 



Fig. — ^(1) Lateral and (2) front views of first sacral centrum Camptosaurus 

DISPAR Marsh. No. lS77a, Yale Museum. Faratype. I nat. size, a, anterior face 

FOR articulation OF FIRST SACRAL RIR ; h, POSTERIOR ARTICULATING SURFACE FOR 

SECOND SACRAL RIB. (3) I’OSTERIOR SACRAL VERTEBRAE OF SAME. ^ NAT. SIZE. SHOW- 
ING PEG-AND-NOTCH ARTICULATION ; TOP VIEW : a, ANTERIOR END ; p, POSTERIOR END. 

After Marsh. 

it, which would give the plate-like appearance of the three median 
sacral spines, as shown by iNIarsh in his first restoraton of C, dlspar. 

In Xo. 1878, Yale ^luseum, the ilium, pubis, and ischium are pre- 
served, the two former elements being incomplete, that is, the ilium 
lacks most of the preacetabular and postacetabular processes, and the 
j^ubis most of the post-pubis, which, as shown in Plate 15, repro- 
duced from a photograph of the specimens, has been restored in 
plaster. 

In the pelvic bones a]*e found the chief differences which serve to 
separate this species from the other members of the genus. The 
ilium, in proportion to its length, is considerably deeper and more 
robust than in any of the other species (compare figs. 20 and 30). 
The preacetabulai* notch is wide and the acetabular notch deep. The 
oblique border of the supero-posterior end is much longer — in most 
individuals a third longer than in C. hrownl — and terminates pos- 
teriorly as a thickened angular end. 
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The prencotnhnlar ])ro(‘ess of this ])articiihu* iiulividual is mi- 
knoAVii, and in the first figure of this element it was re})resented as 
being a very short, blunt process (see fig. oh). As jirevionsly stated, 
the first figures given are now knoAvn to be erroneous. 

The shaft of the ischium of (L dispar is more robust, and at its dis- 
tal termination has a larger hammer-like development of this end 
than is found in any of the known species (compare is, Tlates 15 and 
IG), the greatest diameter being 10() mm. The pubis does not show 
any especial differences, while the iiost-pubis is almost wholly 
restored. 

The limb and foot bones do not exhibit any especial characters 
except a more robust development than is found in the smaller spe- 
cies. It is at once distinguished from C, amphis by the greater size 
and the compressed, sauropod-like ungual of Digit I of the latter, 
as compared with the rounded, claw-like element of C, dispar (com- 
pare fig. o5 with fig. 38 and Plate 17). 

Of the pes of Xo. 1877 I need mention only the extreme shortness 
of ]\Ietacarpal I as figui’ed by ]\Iarsh. When compared with com- 
plete elements it appears that the upper third is missing, which 
would account for the extreme brevity of this digit as originally 
figured. In the same cut Digit III is represented as bearing the 
heaviest ungual, when, as shown by the pes of Cat. Xo. 4277,U.S.X.]M. 
(see fig. 35), Digit II carries the most robust terminal phalanx of the 
hind foot. A cast of the foot in question now before me shows an 
ungual attached to the second digit whose small articular surface in- 
dicates at once that it has been wrongly placed, and in all probability 
pertains to Digit IV. 

The manus, if correctly associated with the pes just discussed as 
pertaining to the same individual, shows variation from the same 
elements in Cat. Xo. 5473, U.S.X.M., being much lighter in construc- 
tion, the hind feet having about the same dimensions. The associa- 
tion of the fore and hind feet of this latter indiAudual is undoubtedly 
correct. 

The fifth metacarpal is unusually short. The ungual of Digit III 
is A^ery small, weak, and sharply j^ointed. Carpale five, as shown in 
the earlier figures of the manus of C. dispar^ contributes to the articu- 
lating surface for the ulna and is so shoAvn in the cast of the right 
fore foot. The unusual position of this element Avould hardly j^oint 
to the true interpretation of the proper articulation of these bones, 
and it has been depicted otherAvise, as shoAvn in fig. 28. In the 
right foot I can only recognize soatu carpal elements, although the 
eighth is jDrobably fused Avith the radiale and Metacarpal I, and has 
thus lost its identit 3 ^ Carpale three is almost AAdiolly articulated Avith 
the proximal end of Metacai'pal III. It is Avedge-shaped, the thick- 
ened part being posterior. Carpale tAvo occuiiies a posterior position 
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on Metacarpal II and is not visible from the front view as in the 
foot of Cat. No. 4277, U.S.N.M. (see fig. 28), In other respects the 
foot does not differ materially from the description already given in 
that part of the present paper devoted to the osteology of Ccimj)to- 
saunis. 

The restoration (see Plate 18) of C amptosaurus dispar published 
by Marsh ® was based on the typical specimens, and while it depicts 
well the general appearance of the animal, it is now known to be 
erroneous in the following particulars: The thoracic region is too 
long by at least three, and possibly five, vertebrae; all of the presa- 
cral vertebra' are rib-bearing, and thus there are no true lumbars; 
the anterior caudal vertebra', as shown in the restoration, haA^e the 
arches and tiansverse processes too high above the centra, the latter, 
as shown in fig. 18, being below the level of the pre- and postzygapo- 
physes. The spines should also be more inclined backward and de- 
crease more rapidly in height posteriorly; the transverse processes 
are continued too far posteriorly, as shown by two specimens in the 
National Museum, where they end on either the twelfth or thirteenth 
from the sacrum. Other minor corrections have been touched upon 
ill the previous pages, so need no mention here. 

As shoAvn by the skeleton, C. dhpar is an animal of quite robust 
proportions, only exceeded in size by (7. ampins. Marsh estimated its 
length as being 20 feet. 

After a review of the typical specimens as compared with the other 
species of the genus, C, dlspar may noAV be distinguished by the fol- 
lowing characters : . 

Specif e characters, — Typiccdly of large size. Cervical centra with 
heavy heel. Four sacrals with peg-and-notch articulation. Sacral 
centra fattened infcriorly, Sacro-dorsal without vcnfird keel. Ilium 
deeps and heavy in its proportions. Ischium stouts ivith greatly en- 
larged distal extremity. Ungual of Digit I of pes rounded and 
pointed, 

CAMPTOSAURUS AMPLUS Marsh. 

Camptonotus ampins Marsh, Amer. Joiini. Sci. (3), XVIII, 1870, p. 503. 

Camptosannis ampins ^Iarsh, Amor. Joimi. Sci. (3), XXIX, 18S5, p. 109; 
loth Ami. Rep. U. S. Geol. Siirv., 1804-05, Ft. 1, 1800, p. 10(>, 

Camptosanrns ampins Xopcsa, Foldtaiii Kuzlony, Budapest, XXXI, 1001, 

p. 210. 

Camptosanrns ampins Hay, Bull. No. 179, U. S. Geol. Surv., 1902, p. 501. 

Ilolotype, — No. 1870, Yale Universit}" iluseum, Avas collected by 
]Mr. Arthur Lakes from “ I^ig Caii 3 mn Quarry,^' Jurassic (Morrison 
Beds), in the vicinit}^ of Como, Albany CountA% W 3 mming. It con- 
sists of a right pes nearl 3 ^ entire. The first description is as folloAvs: 

A second species of this i^enus, nliout three times as larfje as the one [G, dis- 
par] jiLst described, is represented by various remains, amonj? which is a loft 



Amer. Journ. Sci., XLVII, 1804, pi. vi. 
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liiiid foot nearly entire. There were three fiinetional digits in this foot, the 
first being rudimentary and the fifth entirely wanting. The metatarsal of the 
first digit is a splint, much curved, and with the apex above. The terininal 
idialanx (>f this digit is much compressed, not round as in the smaller species. 
The second metatarsal is of much greater length. The terminal phalanx of 
this digit is longer in proportion than that of the preceding species. The third 
and fourth digits were large and powerful. The main dimensions of this foot 
are as follows : 



Length of second metatarsal 295 

Greatest diameter of proximal end 113 

Length of third metatarsal 345 

Greatest diameter of proximal end 150 

Transverse diameter of distal end 102 

Length of fourth metatarsal 305 

Length of first phalanx of third digit 140 

Length of first i)halaiix of second digit 120 



The remains of the present species are from a lower horizon in the Jurassic 
than those described above, but within the limits of the Atlantosaurus beds. 

An examination of the type .sjiecimen shows it to be a right instead 
of a left hind foot, as originally described, and it has been so re- 
mounted, as shoAvn in Plate IT, reproduced here 
from a photograph. 

As Marsh has already pointed out, C. ainplus 
may be distinguished from the other species of 
the genus, (1) by its great size, (2) by the 
compressed terminal phalanx of the first digit. 

This phalanx, in nearly all of its details, re- 
sembles the ungual of the third digit of the 
pes in the opisthoccelian dinosaurs, as shown in 
fig. 38. 

A second specimen. No. 1887, Yale ^.ruseum, 
consisting of portions of the skull and lower 
jaws (see Plates 7* 8, and 9), may, on account 
of its large size, be provisionally referred to this sj^ecies. It ivas 
collected by Prof. O. C. Marsh from deposits in the Garden of the 
Gods, Colorado Springs, Colorado, in 188G. With this specimen 
was found the following note in Professor ]\Iarsh’s handwriting: 

Part of this animal and various Sauropoda bones were taken out 
by Professor Kerr in 1878.” Diligent inquiry has failed to locate 
the repository of the parts of this specimen collected by Professor 
Kerr, but their association with Sauroj^oda remains Avould indicate 
the Jurassic age of the deposits in Avhich they Avere originally found. 

On jiage 1159 of volume 2 of Nicholson and Lydekker’s Manual 
of Paleontology^ they remark: “It is not improbable that the large 
Iguanodont from the Upper Jurassic of the United States, de- 
scribed as ‘ Camptosaurus amjAlus,’ should be referred to this group 
of Iguanodon^ since it has but three functional digits in the pes.” 




Fig. 3S. — U n g u a l of 
FIRST DIGIT, Camp- 
tosaurus A M r L r s 
Marsh. No. 1879, 
Yale AIuseum. IIolo- 

TYPE. h NAT. SIZE. 
ARTICULAR END. 

Rough outline 

SKETCH SHOWING ITS 
RAUROPOD-LIKE SHAPE. 
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AVliile the first digit in C. ampins is undoubtedly rudimentary, still 
it is at once distinguished from the remnant of the first metatarsal in 
Iguanodon by the heavy articular distal end of Metatarsal I, and the 
presence of two distal phalanges. The distal row of tarsals, as in C. 
dhpa)\ consists of two elements (see Plate 17), although, com- 
paratively speaking, somewhat reduced in size. 



Principal nicasnroncnts of Spcciwcn, No, IS79, Yale Miiscinn, 



Digits. 


I. 


II. 


III. 


Orn^ifost lonpth of motntarsals 


(«) 


305 


1 

345 


Greatest length of first r«iw phalanges ; 


117 

92 


124 


Greatest length of soeoiid row phalanges 


43 


87 


Greatest length of third row phalanges 


103 


60 


Greatest length of fourth rt)W i>lialanges 




(^) 




1 1 



« Incomplete. ''IMissinK- 



CAMPTOSAURUS MEDIUS Marsh. 

Catnitto.^anni.9 }nr(lifi>i ]\ 1 arsh , Aiiiev. Joiirn. Sci. (3), XLVIII, 1SD4, p. 85, 
pi. IV : null Ann. n<‘p. M, S. (Jool. Siii v., 1SU4-U5, l*t. 1, 18VH>, p. 100, 
pi. Liii : Mon. G(^ol. Surv., XXVII, 1897, p. 502, text fiijs. 58, 50. 

Caniplosaurnfi mrainfi Xopcsa, FcHcltani Kozlony, Budapest, XXXI, 1001, 

p. 210. 

CatnpfosauruK inedins Hay, Bull. Xo. 170, V, S. Geol. Siirv., 1002, p. .501. 

llolotype — Xo. 1880, Yale University ]\Insenm. This s]iecimen was 
collected by Mr. W. II. Peed from Quarry 13 ” in the Jurassic (]\Ior- 
rison beds) of Albany County, Wyoming." It consists of a well-pre- 
sei'ved disarticulated skull and jaws; 59 or more vertebra.^ represent- 
ing all parts of the vertebral column, of which at least half have the 
arches and spinous jirocesses comiilete; two humeri, two ulna^. one 
radius, one femur, tibia and fibula, astragulus, calcaneum, left pes, 
two ilia, ischium, pul)is, numerous ribs, and ossified tendons. 

The species was never properly defined by Marsh, the original de- 
scription consisting of the few lines which follow: ^ 

There are at least two small sp(‘cies of the gemis {C. medius and C. nanus, 
uotic(‘d below). ❖ * * nirdins was about fifteen feet long. * * * 

skull, brain, and teeth of C, medius are shown on 1*1. IT. 

It is now known that the skull as figured ^ was reconstructed, not 
from the disarticulated elements of the holotype alone, but the nasal 
region and the lower posterior section of the skull and mandible were 
drawn from Xo. 1887, Yale ^Museum (see Plates 7 and 8), a very 
much larger individual which undoubtedly pertains to a distinct 

” In his Bibliography and Catalogue of Fossil ^"ertebrata of Xorth America 
Hay cites the occnrrenco of this species in Colorado. So far as known, it has 
not been found outside of Wyoming. 

^ IGth Ann. Kep. U. S. Geol. Surv., 1894-95, Pt. 1, 1890, pi. liii. 
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species, as stated on pai^e 277. Taking- into consideration these facts 
in connection with many inconsistencies discovered in the figures, I 
do not believe that the skull, as illustrated, should be considered 
typical of the species. The teeth, as shown in fig. 9, are of the holo- 
type, but I am unable to find that they show any distinctive charac- 
ters. While the .skull may show specific difl'erences when the crania 
of the other forms are known, such comparisons can not be made at 
present, owing to the lack of material. 

The parts of the type-specimen, as enumerated above, represent a 
considerable portion of the entire skeleton, and it is unfortunate that 
they have not yet been made ready for study. At present only the 
disarticulated elements of the skull and jaws, limb, foot, and pelvic 
bones (.see Plate 10) have been freed from the matrix, the other 
parts being still largely enveloped in the hard, concretionary mass in 
which they were originally entombed. 

Even though Marsh failed to define this form, I believe it to repre- 
sent a valid species intermediate in structure between t7. clisjmr and 
C. hroicnL From C. dhpar (compare Plates 15 and 10), its nearest 
ally, it may be distinguished by the lighter structure of the pelvic 
bones, that is, the ilium is considerably narrower in proportion to its 
length. The oblique border of the supero-jmsterior end is somewhat 
shorter. The i.schiiim is much more slender, and the hammer-like 
expansion of the free end less robust, its greatest diameter measuring 
73 mm. Throughout the skeleton of C, Qnedhis aj^pears to be lighter 
and more delicately constructed. The femur pertaining to the type- 
specimen is proportionately very short, but I am inclined to the opin- 
ion that this is either due to severe crushing, or the preparator, in 
joining the two ends, has omitted a section of the shaft of the bone, 
which would account for the extreme brevity of this element. 

Except in its smaller size, the hind foot shows no essential ditfer- 
ences when compared with that of C. dispar. The following are 
the measurements of the left pes of No. 1880 : 



mm. 

Greatest length of metatarsal I 74 

Greatest length of metatarsal II 148 

Greatest length of metatarsal III 181 

Greatest length of metatar.sal lA" ^ 151 



It is anticipated that upon the complete prc])aration of the type 
material, characters will be disclosed by which this species may be 
more completely defined, but for the present it must rest on those 
shown l)y the pelvis, although the dissimilarity .shown by these bones 
certainly suggests other and even more important ditferences in the 
other portions of the skeleton. 
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CAMPTOSAURUS NANUS Marsh. 

Camptosaurus nanus Marsh, Amer. Jonru. Sci. (3), XIA III, 1S94, p. 85, 
pi. V., fig. 3; 16th Ann. Rep. IT. S. Geol. Siirv., 1894-1)5, Pt. 1, 1890, 
p. 196, pi. LV, tig. 2. 

Camptosaurus nanus Walcott, Science (2), XI, 1900, p. 23. 

Camptosaurus nanus Xopcsa, Fokltani Kozlony, Budapest, XXXI, 1901, 

p. 210. 

Camptosaurus nanus Hay, Bull. Xo. 179, U. S. Geol. Surv., 1902, p, 501. 

Ilolotype. — Cat. No. 2210 U.S.N.M.® was collected by Mr. W. H. 
Keed from the upper Jurassic (Morrison beds), “quarry 13,” near 
Como, xVlbaiiy County, AVyoming,^ in 1882. 

The elements preserved are as follows: Portion of atlas, axis, 7 
cervical, IG dorsal, 4 sacral, and 34 caudal vcrtebne, numerous cervical 
and thoracic ribs, right fore limb (scapula, coracoid, humerus, radius, 
and ulna), 2 femora, 2 tibia^, left fibula, 2 ilia, 2 ischia. portion of left 
pubis, 2 mctaearpals, 1 carpal, and parts of ossified tendons. 

The original description is as follows: 

The smallest species of the genus C. nanus was not more than 6 feet in 
length, and perhaps 4 feet in height when standing at rest. One of the striking 
features of this diminutive s})ecies is its long sigmoid scapula, shown in tig. 3, 
Plate V. This is in strong contrast with the shoid, straight scainila of C. dispar, 
seen on the same ])late, tig. 2. 

Detailed description . — The cervical vertebra of the present sj^ecies, 
as com 2 )ared with the (‘orresponding parts of the larger forms, show 
no particular distinguishing characters, although they dilf'er in minor 
details. 

The entire neck and the first two dorsals remain articulated, and 
thus the true relationship of these parts is accurately displayed. The 
neck shows the same graceful upward curve of the cervicals as is 
found in the related species. The transition of the ])arapophyses 
from the anterior lateral border of the centrum of the ninth cervical 
to the elevated position on the side of the neural arch on the tenth 
(considered the first dorsal), agrees with the conditions found in 0. 
hrowni and in the holotype of C. dispar. 

The odontoid is all that remains of the atlas. The axis, which 
lacks a portion of the spinous jirocess, is otherwise very similar to the 
same bone in O. dispar. The second, or axis intercentrum, is not co- 
ossified as in the other species. In the narrowness of the ventral keel 
and the deep lateral de])ressions on the sides of the centra the re- 
maining cervicals appear to approach the vertebrix? of C. hrowni 

^Marsh’s original accession mmilK'r is |l56l|. Xo. 1881 is the number under 
wliicli tliis specimen was catalogued while in the Yale University ^luseiim. 

^Biill. Xo. 179, V. S. Geol. Surv., p. 501. Hay gives the locality as Wyo- 
ming (?). On the original field labels found with the specimens the locality 
was given in full, and may now be considered as absolutely determined. 
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rather than those of C\ cUnpar, The opisthoeoelian naliii*e of tlu‘ an- 
terior vertebne is not so pronounced as in the larger species. 

The dorsal series, thouo-h all are not articulated, appears to be com- 
plete, consisting of IG vertebne, many of which lack j)arts of their 
processes. The only marked characters in the dorsals of (^. luinus 
are to be seen in the spinous processes of the posterior portion of the 
series, which are comparative!}" thin and lack the enlarged upper ex- 
tremities of the same vertebne in C. dispar and C. hrownl. The arches 
also appear to be relatively higher, with a corresponding enlarge- 
ment of the neural canal, in this respect a p 2 :> reaching T. prestwkliiL 
The sides of the centra (considered as a whole) are less concave in the 
longitudinal direction and a232)car to be more evenly rounded ven- 
t rally. The centra gradually increase in length from the first to the 
thirteenth, the four- 
teenth beino- the shortest 

O 

of the i)osterior dorsals 
(2Gmm.). The fifteenth 
and sixteenth dorsals 
may be distinguished 
from the others by the 
enlargement of their 
posterior ends in adap- 
tation to the corresimnd- 
ing surfaces of the 
centra with which they 
articulate. The six- 
teenth or sacro-dorsal 
(see S. dor,^ fig. 39) is 
suturally united with 
the centrum of the first 
sacral. Its ventral sur- 
face lacks the decided 
keel found in the sacro-dorsal of C, hrownu The more detailed 
description of this vertebne and the succeeding sacrals will be found 
in that j^art of the j^resent pai:)er relating to the osteology of Camp- 
tosauTUS^ 212 to 214. The sacral vertebric show the most distinc- 

tive character of the species in the absence of the peculiar j^eg-and- 
notch articulation of the centra, which forms an important feature of 
the larger species. By some this difference might be considered of 
more than S 2 :>ecific imj^ortance, but on account of the close similarity 
(excejDt in size) of nearly all of the other elements to the homolo- 
gous parts of the larger species, and the lack of other diagnostic 
characters, I can see no reason for sej^arating this form generically. 
It is of interest to note the similarity in this respect of C. nanus to 
G, prestwichil as described and figured by Hulke (see fig. 43). 




Fig. .39. — Sacku.m of Oamptosaurus nanus Marsh. 
Cat. Xo. 2210, U.S.N.M. \ nat. size. ITolotype. 
Viewed from the right side. a. puezyga- 

popHYSES ; art. s., articular surface for first 
SACRAL rid; ih, ilium; o. t., ossified tendons; /)., 

I’ARAPOPIIYSIS OF THE FIFTEENTH DORSAL; p. U., 
i’REACBTABULAR I'ROCESS OF ILIUM ; />. POSTZYGA- 

I'OPHYSES ; iS'®, SACRALS ONE TO FOUR, 

RESPECTIVELY ; TRANSVERSE PROCESS OR DIA- 

POPHYSIS; SPINE OF FIFTEENTH DORSAL; 2. SPINE 
OF SIXTEENTH OR SACRO-DORSAL ; 3, AND 5, SPINES OF 
SACRALS ONE, TWO, AND THREE. 
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Most of the caudal vertebra} are articulated, the first alone of the 
anterior ones being detached, but its size and other characteristics at 
once show its j^roper place in the series. So closely do they resemble 
the caudals of C. hrowni^ described elsewhere, that I shall mention 
only a few of their important features. 

The second caudal bears the first chevron. As in C. l>Toionu trans- 
verse processes are developed on the first thirteen vertebra^, counting 
back from the last sacral, where they stop abruptl 3 \ As shown by 
some of the detached transverse processes, they are united to the ver- 
tebra b}^ suture, about equall}^ with the upper lateral surface of the 
centrum and the lower lateral surface of the pedicle of the neural 
arch. This would appear to indicate ossification from a separate 
center and would also suggest the appropriateness of calling them 
caudal ribs, as is done bv some anatomists. A distal caudal preserved 
exhibits the usual long, slender, pre- and postzygapopln^ses. The 
important measurements of the vertebra} will be found in the table on 
pages 242 to 244. 




Fig. 40. — Uigiit scapula and coijacoid (reversed) of Camptosaurus xaxus Marsh. 
Cat, No. 2210, T'.S.N.il. IIolotype. I xat. size. From a photograph. 



Tlie right fore limb, lacking most of the foot, is preserved with 
this specimen, and is the one on which ]\Iarsh based his restoration of 
the limb of C. first published® in July, 1894, the foot there 

shown being drawn after that of C. (Usjmr^ No. 1877, Yale iluseum. 

The scapula, as will be observed by comparing it with the same ele- 
ments of the larger species (as shown in fig. 28), shows no appre- 
ciable differences, except in its much smaller size. Thus, as will be 
seen, C. nanus can not be distinguished by its “ long sigmoid scap- 
ula,"’ as first defined by Marsh, he being led into this error b}" a 
wrong inter])retation of the missing upper part of the scapula of the 
typical specimen of C. clis'par^ of which he attempted a restoration at 
the time of describing the present species. 

The coracoid, as compared with the same element of C, dispar and 
G. hrowni^ is shorter antero-posteriorty, more quadrangular in out- 
line, with a proportionately deeper notch on the inferior border. 

The foramen is not closed, as represented in Marsh’s figure, but, as 
in the other forms, is a notch, being open to the articular border for 



«Amer. Jour. Sci., XLVII, pi. 5, fig. 3. 
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the scapula. In the type-specimen the coracoid and scapula were not 
coossified. (See fii»;. 40.) 

The humerus lacks the robust development of the deltoid crest and 
the articular ends arc not so rugose as in the larger species; in other 
respects the}’' appear identical (compare figs. and 41). 

The ulna (see pL fig. 41) appears to be more curved than the ulme 
of either C, hrowm or C\ dispar, but in the triangular contour of the 
IDroximal end it approaches the latter species. The radius shows no 
important differences. 

Both of the ilia were recovered and, as found, were not far removed 
from their normal position in relation to the sacrum, as shown in 
fig. 31), the left one being the more com- 
jffete. In its general proportions it 
approaches the ilium of C. dispar (see 
Plate 14, fig. 2) rather than the narrow 
and more depressed ilia of either C, 
medhis, C, hrowni^ or C, depressus^ al- 
though the anterior termination of the 
preacetabular process is especially like 
that of the latter species. The ace- 
tabular notch is deep and the ischiac 
process robustly developed, and there 
is a wide horizontal plate or shelf on 
the inner side of the posterior portion, 
as in the larger sj^ecies. The pubic 
process is directed forward and well 
downward, thus giving good width to 
the preacetabular notch. 

The ischia of C. nanus lack their dis- 
tal ends, but a comparison of the re- 
maining parts with those of the larger 
species shows no especial differences. 

The portion of a 2^ubis pertaining to 
the type is too mutilated to allow of accurate com^Darison, although it 
shows that a postiDubic process was present. 

ExcejDt in their very much smaller size, a critical comparison of 
the elements of the hind limbs of C, nanus with those of G. dispar 
failed to reveal any essential differences. Ossified tendons still ad- 
hering to the vertebrae, and particularly to the sacrum, were found 
in the matrix (see g. fig. 39). 

After a careful review of the typical material, as comi:)ared with 
the other species of this genus, I find that C. nanus may now be 
characterized as follows: 

Specific characters,— T yplcallij of small size. Coracoid shorty 
quadrangular in outline. Sacral vertebree without peg-and-notch 
articulation. 




Fig. 41. — Right iitmerus, radius 

AND ULXA CAlirTOSALIKUS XAXUS 
Marsh. Cat. No. 2210, U.S.N.M. 

IIOLOTYDB. i NAT. SIZE. li, HU- 
MERUS ; ra. radius : itl, ulixa. 

From a photograph. 
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Fig. 42. — (1) Right femur Camptosaurus nanus Marsh. Cat. No. 2210, U.S.N.M. 

IIOLOTYPE. I NAT. SIZE. INTERNAL VIEW. (2) FRONT VIEW OF SAME. a , LESSER 

trochanter: 6, inner trochanter; h , head. From a photograph. 



That the type-specimen represents an adult individual there ap- 
pears to be but little question. While the sutures on the vertebne 
are plainly discernable, nearly all of the arches remain attached to 
their centra, while in some of the larger species we find them wholly 



detached. If a young individual, it is of interest to note the presence 
of ossified tendons in an immature animal, a condition hardly to be 
expected. 
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Prhidiml mcasurvuivuts of Camiifosaurus mm us. 

Groatest loiijjtli of loft ilium 

Greatest v(‘rtieal liei^xlit over iscliiae process 

Great(‘st vertical lieij^lit over pubic process \ 

Greatest vertical height midUIe of acetabiiluin 

Combined length of four sacral centra 

Greatest length of femur 

Gr(*atest width of i)roximaI end of femur 

(ireatest width of distal end of femur 

Greatest length of tibia 

(h*eatest width of proximal end of tibia 

Greatest width of distal end of tibia 

Greatest length of fibula 

Greatest width of i)roximal end of fibula 

Greatest width of distal end of fibula 

Greatest length of scapula 

Greatest width of articular end 

Greatest width of free end 

Greatest length of coracoid 

Greatest width of coracoid 

Greatest length of humerus 

Greatest width of proximal end of humerus 

Greatest width of distal end of humerus 

Greatest length of ulna 

Greatest width of proximal end of ulna 

Greatest width of distal end of ulna 

Greatest length of radius 

Greatest width of proximal end of radius 

Greatest width of distal end of radius 



mm. 

244 

82 

77 

45 

■12G 

25S 

72 

71 

235 

S3 

79 

207 

47 

2G 

187 

53 

59 

35 

49 

143 

43 

30 

102 

2G 

21 

45 

IG 

15 



Measurements of the vertebra) of this specimen will be found in 
the table of comparative measurements given on pages 242 to 244. 



CAMPTOSAURUS PRESTWICHII (Hulke). 

Iguanodon prcstwichii Hulke, Quart. Journ. Geol. Soc. London, XXXVI, 
ISSO, pp. 433—154, pis. xviii-xx, figs. 3-5. 

Cximnorla prcstwichii Seeley, Rep. Brit. Ass. for 1887 (ISSS), p. G9S. 

C urn ptosu urns prcstxcichii Lydekker, Cat. Foss. Reptilia and Amphibia 
Brit. Mus., I*t. 4, Suppl., 1890, p. 259 ; Quart. Journ. Geol. Soc. London, 
XI.V, 1899, pp. 47, 48. 

Cumptosaurus prcstwichii Nopcsa, Foldtani Kozlony, Budapest, XXXI, 
1901, p. 210. 

Holotyjye . — Preserved in the Museum at Oxford, England; col- 
lected from the Kimeridge Clay of Cumnor-Hurst, Oxfordshire, 
England. Consists of a fairly complete skeleton, of ivliich the fol- 
lowing elements are preserved : Parts of the posterior region of the 
skull, portions of the parietals, frontals, and postfrontals, both man- 
dibular rami, portions of both maxilla'; G4 centra, of wliich 7 are con- 
sidered cervical, 18 dorsal, 4 sacral, and 35 caudal; portions of both 
ilia, fragments of the pubes, and 1 ischium. The limbs are repre- 
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sentecl by the articular ends of the femora, tibiae, and fibnbT; tarsals, 
metatarsals, and phalanges; portions of the scapulae, humeri, and 
metacai’pals. 

In the original paper, Jdulke gives a detailed description of the 
skeletal parts of the holotype. The article in question is of too great 
length, however, to be wholly incorporated in the present paper, and 
I shall confine my remarks to a brief review of the chief character- 
istics, as described and figured by Ilulke, in comparison with those of 
the American species. 

Eeciew of the typical material . — The occipital condyle has the same 
reniform outline and forward development of the articular area on 
the ventral surface as found in the American species. Its union with 
the basisphenoid by a median tongue of bone i-eceived in a correspond- 
ing notch on the posterior end of the latter element, and the pro- 
nounced winding grooves on the lower and lateral surfaces of the 
basisphenoid which marks the course of the internal carotid artery, 
are similar to those in C. dispar. The exoccipitals are perforated b}^ 
the usual foramina, and, as in C , dispar^ these bones enter slightly into 
the formation of the occipital condyle. The supra-occipital contri- 
butes to the upper boundary of the foramen magnum, its outline and 
relationship to the surrounding elements appearing identical with 
the same bone in C, dispar, as shown in fig. 4. The parietal bone is 
single, the median crest sharper than in either 0. medins or C, dispar. 
The frontals are short and broad, and but little, if any, of their outer 
borders enter into the formation of the orbital cavity. The post- 
frontal has a smooth orbital surface of great extent. I am unable to 
detect any difierences which would distinguish the teeth of the upper 
and lower jaws from those of the American forms. An idea of their 
size may be gleaned from the folloAving measurements: In a piece of 
the maxillary, in a space of 75 mm., are the sockets of an outer 
series of nine teeth. The breadth (that is, antero-posterior dimen- 
sion) of a fully formed upper crown is 9.5 mm. The greatest breadth 
of the largest lower tooth crown is 12.5 mm., that of other crowns 
varying between 10 and 11.5 mm. 

Of the twenty-five presacral vertebral preserved, seven are con- 
sidered by Hulke as cervical, and, since the atlas and axis are missing, 
there would be in the complete neck at least nine vertebrax The 
opisthoccelous nature of the centra, the presence of the parapophyses 
on the anterior end of the centra, the deep, lateral depression, and the 
pronounced median keel, are all characters common to the other mem- 
bers of the genus. But the angularity of the centra, as viewed from 
the end, is peculiar to this species. 

In the anterior dorsals it is apparent from TTiilke’s description 
that the transition of the parapophyses from the centrum in the 
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last cervical to the side of the neurapophyses iu the early dorsals, 
and finally to the anterior border of the transverse process in the 
median dorsal region, approximates the conditions noted in the 
American species. The i^resence of 18 dorsals with this specimen 
raises the question as to the correctness of the vertebral formula of 
C amptomiirm^ as determined from a study of the two skeletons. Cat. 
Xos. 4282 and 2210, U.S.X.M., which agree in having IG vertebrae, 
considered as dorsals, in front of the sacrum. If IG is the correct 
number for C amptosaurus^ then C, prcstuHchil^ having 18 dorso-lum- 
bars, ap]3roaches Iguano- -| 2 

don more closely. 

In the sacrum, five verte- 
brae are united by suture, 
the most anterior of which 
is considered by Ilulke as 
a lumbar (sacro-dorsal) , 
the posterior four being 
true sacrals (see fig. 43). 

'\Miile the sacrals do not 
show the well-defined peg- 
and-notch articulation of 
some of the American 
species, A^et, as shown by 
the figures of this region, 
there ap23ears to be a tend- 
ency toward the develop- 
ment of such an articula- 
tion between sacrals one 
and two, and also between 
sacrals two and three, 
much as in C. nanus. In 
the size and number (five) 
of coossified vertebrae and 
the contour of their ven- 
tral surfaces, the sacrum 
approaches that of C. 



nanus. It differs, how- 



Fig. 43. — (1) The l.vst dorsal or sacro-dorsal and 

SACRCH OF CAMPTOSAURUS PRESTWICIHI (Ly- 
DEKKER), Museum op Oxford. IIolotypb. Seen 
FROM below. I NAT. SIZE. (2) THE SAME FROM 
ABOVE ; ll , SACRO-DORSAL ; 1. S ., 2. S .^ 3. S ., AND 4. S ., 
SACRALS ONE TO FOUR, RESPECTIVELY ; ng^ NERVE- 
GROOVE. After Hulke. 



ever, in the transversely 
contracted neural canal of the fourth which also bears the transverse 
process or last sacral rib wholly upon its centrum. As will be seen 
in fig. 39, this rib is borne intervertebrally in C. nanus. In the trans- 
verse contraction of the neural canal of C. presticicJno the fourth 
sacral resembles that of C. (Uspai\ as shown in fig. 37, although, as 
in C. nanus.^ the rib is supported intervertebrally. 
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The anterior caudal vertebne, as described, show the same short- 
ness of centrum, the backward slant of the spinous process, the trans- 
verse processes, and the distinctive obliquity of the more anterior 
ones. As in the American species, the suppression of the transverse 
processes is soon followed by the disai^pearance of the neur6-central 
suture. The median caudals are compressed and the more distal 
ones have a simple, cylindrical form. 

The change in form of the articular surfaces of the vertebral 
centra, traceable through the column, when compared with the Amer- 
ican species, is highly instructive. In the neck these surfaces are 
opisthoccelous; at the root of the neck, the anterior ball is less con- 
vex, the posterior cup less deep; in the forward dorsal region, the 
anterior surface is very slightly concave, the posterior surface more 
so, and in the tail, both surfaces are concave. 

Such parts of the ilia as are ])reserved apparently lack the hori- 
zontal plate developed in all of the American sj)ecies. Its absence, 
however, may be due to the mutilated condition of the bones. The 
pubis and ischium were too fragmentary for description. 

The fenioi’a were rejn*e.sented by portions of the articular ends. 
The presence of a deep, narrow, anterior intercondylar notch char- 
acteristic of the IVealden iguanodonts, is quite ditferent from the 
broad, comparatively shallow groove found on the femora of Camp- 
tomurns. The til)ia\ which are also imperfect, show no important 
diirerenccs. 

The tarsus consists of two elements, astragidus and calcaneum, 
which, as in the American species, remain distinct, and appear quite 
similar in nearly all respects. There were no elements found which 
could be identified as pertaining to the distal row of the tarsus. 

As described, the foot elements show no particular differences from 
the American species, except in the lateral compression of the un- 
guals, those of the American species, with the exception of the first, 
being somewhat depr(‘ssed. 

Some imperfect bones, which were more slender and appeared to 
have been relatively longer than the metatarsals, Ilulke regarded as 
metacarpals. These are suggestive of an iguanodont rather than a 
camptosanrian type of animal. 

The other elements preserved are all too fragmentary to admit of 
comparison. 

The specimen, as briefly reviewed above, Avas first described by 
Ilulke as a new species of Igaanodon^h^ing separated from its nearest 
ally, /. manteTU^ by the following characters: ‘‘The flattening of the 
undersurface of the sacral centra, and the relative sinq:)licity of the 
marginal serrature of its teeth.” Later, Seeley jiroposed the genus 
Cavinoria for the reception of this fossil, charaderizing it as follows: 
“ It is separated from Iguanodon by many characters, such as the 
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diiferent t^^pe of the parallel ridging and coarser serration of the 
teeth. The vertebra' are relatively Avider, the neural arch and cen- 
trum both being more depressed; the lamina of the neural arch are 
A^ery stout, and the neural canal A^ery small; the sacral vertebrae are 
not ankylosed, are only four in number, and are coiiA^ex on the ven- 
tral surface. Tlie early caudal A^ertebrae ai‘e reduced in length, and 
have the neural arch small. The astragulus and calcancum are 
separate.” 

In 1890, Lydekker referred the species to Ca?)iptosaiirus^ thus rele- 
gating Cinnnoria ‘‘to the rank of a synon}un till it can be shoAvn to 
haA^e AA^ell-marked distinctiA^e features.” He further says: “Evi- 
dence of affinity betAA^cen that species [^Cumnoria {I gnanodon) prest- 
ivichn] and Camptosaurus is shoAvn by the angulated and flattened 
haemal surface of the sacral vertebrae, and by the absence of ank}dosis 
betAveen the centra.” 

ITulke belicA^ed the typical specimen to represent an animal be- 
tAveen 10 and 12 feet in length, but not full)^ adult. 

While the foregoing revicAv of the description and figures of 
C. presticirliii^ as compared Avith the homologous ]:>arts of the Ameri- 
can species, shoAv many points of resemblance, certain differences 
Avhich have been pointed out shoAV a closer relationship to Igimiwdon 
than to Cam ptosanrns. The acquisition of better-preserA^ed specimens 
may eA^entually shoAv the generic distinctness of this form ; but at 
the present time I fail to detect characters of sufficient importance to 
Avarrant its separation. For the present, C. prestwicliii ma}^ be dis- 
tinguished as folloAvs: 

Sjyeciflc characters. — Typically of moderate size; centra of cervical 
vcrtchrw sahrhomhic in oatlinc. Sacrum of four vertehrae without 
peg-and-notch articidation . Femur with deep., narrow., intercondylar 
notch. Vnguals of pes compressed laterally. Metacar pals slender 
and relatively longer than metatarsals. 

CAMPTOSAURUS? LEEDSI Lydekker. 

Camriomurufi IccUsl La'pekker, Quart. .Jonni. Gool. Soc. London, XLV, 
ISSD, pp. 4G-4S, fig. 3. 

Gamptosaiirus Iced si Nopcsa, Foldtani K()zlony, ]tndat)est, XXXI, 1901, 

p. 210. 

Holotype . — A fairly complete femur from the left side, noAV pre- 
served in the collection of Mr. A. N. Leeds, of Eyebury, England. 
From the Oxford Clay, near Peterborough, England. 

Desenption. — Xo characters of specific importance AA^ere giA^en by 
Lydekker to separate this species from the other forms under this 
genus. For the present I can do no better than to quote Mr. Lydek- 
ker’s original comments. 

Tbe present middle portion of the shaft has been considerably crushed and 
broken, but both extremities are entire. The shaft agrees Avith the femur of 
Proc. N, M. vol, xxxvi — 09 19 
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IlypsHophoclon and of the North American Camptosauvus {Camptonotus) , and 
differs from that of Iguanoiloii in its markedly forward arciiation. The inner 
trochanter has lost its free extremity, but the basal portion shows that it is of the 
pendant ” type characteristic of the two former genera and not the “ crested ” 
type found in Iguanodon, The anterior intereondylac groove is slightly less 
developed in this specimen than in either of the Wealden genera, but it is still 
present. * * * There is, indeed, no decisive evidence to prove that the 

present specimen indicates a form specifically distinct from the species from 
the Kimeridge Clay [C. {Iguanodon) prcstwichii^ ; but since most of the 

Sauropterygiaus of the Kimeridge are distinct 
from those of the Oxford Clay, I think it highly 
probable that the same may hold good with the 
Dinosaurs, and I therefore propose to provision- 
ally regard the present specimen as the repre- 
sentative of a distinct species which may have 
been somewhat smaller than Iguanodon prest- 
Qcichii, * * * and since I can see no char- 

acters by which either this specimen or /. pvest- 
nichii can be separated from Camptosaurus, I 
propose to refer both the Kimeridgian and Ox- 
fordian species to that genus under the respec- 
tive names of C. prcstmchii and C. Jccdsi. 

While the femur of C. leedsi, as de- 
scribed and figured by Lydekker, appears 
similar in most respects to the femora of 
the American Camptosaurus^ yet the posi- 
tion of the inner trochanter tvholly upon 
the proximal half of the shaft (see fig. 44) 
at once distinguishes it from all of the 
described species of that genus, which in 
all cases show this trochanter extending 
somewhat below the median line. That 
C, Icedsi represents a closely related form 
there can be no question, but, if referable 
at all to an American genus, its closest 
affinities, as indicated by the femur, are 
with Dnjosaurus, This suggestion be- 
comes more apparent when it is known 
that a recent examination of the type 
specimen of D, altus^ Xo. 187G, Yale 
jNIuseum, shows that the femur has been 
incorrectly illustrated. For example, the shaft is not straight, but 
is curved as in C amptosaurns^ and while the inner trochanter is 
upon the j^roximal half, it is not placed so high as indicated in 
the figure.® The femur of G. leedsi may be distinguished from the 
femur of Ilypsilopliodon by the ‘Anore wing-like” shape of the 
inner trochanter of the former. 

®Amer. Jouru, Sci., XVI, 1878, pi. ix, fig. 3. 




t^'iG. 44. — Left femur of C.\mp- 

TOSAUKUS LEEDSI LYDEKKER ; 

FROM THE Oxford Clay kear 
Peterborough. S xat. size. 
IlOLOTYPE. a , HEAD ; h , les- 
ser trochanter ; o, inner 
trochanter ; ( I , intercon- 

dylar groove ; e , inner con- 
dyle. After Lydekker. 
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CAMPTOSAURUS? VALDENSIS Lydekker. 

HypsUophodou Lydekkkr, Cat. Foss. Roptilia and Ami)liil>ia. Urit. Miis., 
Pt. 1, 1S8S, pp. 105, 227; Cool. Maj?., Doc. 5, V, 18SS, p. 455. 

Cdiupiosanrus i^aUlcusis Lydekker, Quart. Joiini. Cool. 8oe. London, XLV, 
1880, p. 48. 

Cnwptomnrus vaUlcnsis Nopcsa, Fiddstani Kozlchiy, P>udapest, XXXF, 
1901, p. 210. 

IloJotype, — No. R. 1G7, British Museum; an imperfect femur, from 
the IVealden of the Isle of AVight. AVith this Lydekker provisionally 
associates a mandibular ramus, No. R. 180. 

L 3 "dekker ® records this femur as pertaining to the genus Uypsi- 
lopliodon. Later he says: 

It is not improbable that the mandibular ramus entered on p. 227, Cat, of 
Fossil Reptilia and Amphibia of the British Museum, as a yonn;^ Ij^uanodont, 
may really indicate a smaller adult form, allied to Lao.sdurus or Cdmyto- 
sauruSj in which event the undetermined femur mentioned on p. 105 may per- 
haps belong to the same form. 

A 3 "ear later he comes to the following, conclusion regarding the 
disposition of these specimens: 

I have called attention to an imperfect femur in the British ^Museum (Xo. 
R. 167) from the Wealden of the Isle of Wight, which has lu'on referred to 
Hi/psilophodoHy and have suggested that, together with a mandibular ramus 
(Xo. R. ISO) from the Wealden, hitherto regarded as that of a young lijimuotlon, 
it probably indicates a form allied to Camptosaarus. A comparison of this 
femur with the subject of the present communication [C. leal .si], shows such 
a close similarity between the two that there is every probability of their 
generic identity; and since there is no other evidence of the existence of a 
Hypsilopliodon of these dimensions, I propose to apply the name Cdmpto.sdurus 
valdensis to the Wealden form, of which I take the femur as the type, and 
provisionally associate with it the mandibular ramus. 

Since the type femur has not been described nor figured, a com- 
parison with the femora of American forms can not be made at this 
time, but, inasmuch as its resemblance to the typical femur of C, 
leedsi was the chief reason for assigning it to this genus, there is 
eveiy probability that this form is also distinct from Camptomuvus, 
The fragmentaiy nature of the material upon which the species ij 
based precludes the possibility of ever defining it adequatel 3 ^ and it 
will probably always remain a species of uncertain aflinities. • 

CAMPTOSAURUS? INKEYI Nopcsa. 

Camptosduru.s inlceyi Xopcsa, Denkschr. k. k. Akad. Wien, LXVIIl, 1890 
(1900), p. 579; Foldtani Kozlony, Budapest, XXXI, 1901, p. 210. 

Holotype. — Dentary and a fragment of the angular from the Upper 
Cretaceous of Transylvania (Comitat Hunyad), Hungaiy. 

® Catalogue of Fossil Reptilia and Amphibia in the British Museum, p. 195. 
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The original preliminary description of this species, which ap- 
pears as a footnote in Xopcsa’s paper on Limnosaurus tyxinssylvanicus 
in the publication cited above, is as follows: 

Camptoscnirus iukeifi new si>ec. (nacli Herrn Bela Inkey eliemaligeu Clief- 
geologeu der k. mig. geol. Anstalt als Zeichen meiiier Dankbarkeit fiir die 
zalilreiclien Winke, dnreli die er mil* das Studiiim der geologischeu Verhiiltnisse 
des Ilatszegertliales wesentlich erleicliterte) . Niir Dentale imd ein Fragment 
der Angnlare erlialten. Partie bei der Sympbyse drcikautig imd anf spitzen 
Schnabel binweisend. Keine eigene SympliysenlUiclie, sondern die Kieferspitze 
iimen imd anssen rauli sculpirt, was anf ligainentiise Verbindimg deutet. Fora- 
men mentale vorlianden. Fine dariiber gelegene liinne (wie bei den Ignauodon- 
tiden) feblt. Ober- nnd Fnterrand des Kiefers nicbt parallel. Unterraud 
etwas- gekrnmmt wie bei Ilyifsilophodon (Hnlke 1882). Innerand bei den 
Alveolen gleieb bocb niit dem Anssenrand. Die interne liinne nnd die Foramina 
(10) sell!* stark entwickelt. 10 Alveolen. Ziibne ilbnlicb wei bei Cawptosduru'^, 
jedocb regelmiissiger gekerbt. Obne bemerkenswertben Mediankiel. Fine 
detaillirtere Bescbreibnng soil bei einer anderen Gelegenbeit gegeben werden. 

From the above description it is at once apparent that the dentary 
of Caynptosaurius Inheyi is quite unlike those of the American species, 
so far as known. In G\ dispci)\ as shown in fig. 8, the outer and 
inner surfaces of the anterior end of the dentary are reasonably 
smooth ; the upper and lower borders parallel, the ventral nearly 
straight, curved slightly if at all ; internal alveolar border lower than 
external; fifteen to sixteen alveoli; teeth with one or more prominent 
and many secondary longitudinal ridges. A comparison of these 
characters with tliose described by Xopesa shows but few in common. 
These appear to be in the presence of the foramen mentale, the curved 
teeth, and the presence of a longitudinal groove below the internal 
alveolar border pierced by the foramini, the latter, however, being 
more numerous in the American species. 

The wide differences shown in the above brief review appear to 
indicate at least the generic distinction of the form under considera- 
tion, but since Xopesa has promised a more detailed description of 
his specimen, I shall leave the matter to him for final disposition. 

CAMPTOSAURUS DEPRESSUS, new species. 

Camptomuvu.s Lucas, Proc. U. S. Nat. ]Mii.s., XXIII, Xo. 1224, p. 591. 

Ilolotype. — Cat. Xo. 4753, U.S.N.M. Collected by Mr. X. H. Dar- 
ton, of the U. S. Geological Survey, in Calico Canyon,"’ near Buffalo 
Gap Station, South Dakota, from beds considered by him to be of 
Lower Cretaceous age (Lakota sandstone). 

The type specimen consists of portions of both ilia, anterior part 
of the blade of one pubis, an ineomjdete sacrum, centrum of the last 
or sacro-dorsal, 12 caudal vertebra^, 1 thoracic rib, and many frag- 
ments. This specimen was a.ssociated with the fragmentary skeleton, 
Xo. 4752, U.S.X.M., described by Dr, F, A. Lucas as Steyosaiu^us 
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mari^hli^ and later referred by liim to the new genus IlopUtosturrus,^ 
Most of the elements preserved were inclosed in two large [)ieces of 
rock. 

The distinctive characters shown the ilia, sacrum, and pubis 
appear to justify the establishing of a new species, for which I pro- 
])ose the name Camptosaunis dejyressus^ the specific name being sug- 
gested by the narrowness or depressed nature of the ilia. 

Specific characters. — Ilium narrow loith shalloio acetabular and 



Fig. 45. — Anterior portion of right ilium of Camptosaurus depressus. Cat. No. 

475.*?, XT.S.N.M. Holotype. I nat. size. From a photograph. 

narrow prcacetahular notches. Sacrals ankylosed. with rounded 
ventral surfaces. Anterior end of pubis broad. 

Detailed description . — The ilium, of which a representation is given 
in figs. 45 and 4G, is characterized by its narrow, vertical depth. The 
acetabular notch is very shallow and short, while the preacetabular 
notch is narrow, due to the lower point of origin of the preacetabular 
process and the more elevated direction of the pubic process, which, 
in all other species is deflected more ventrally (see Plate 14). Com- 



Fig. 46. — Left ilium of Camptosaurus depressus. Cat. No. 4753, TJ.S.N.M. Holotype. 

J NAT. SIZE. FrEACETAEULAR PROCESS WANTING, AND THE UPPER POSTERIOR PORTION 
IS CRUSHED DOWN SOMEWHAT FROM ITS NORMAL OUTLINE. FP.0M A PHOTOGRAPH. 



pared with the ilium of C. browni^ its nearest ally, G. depressus ap- 
pears to indicate a smaller form. The interval between the pre- and 
post-acetabular notches is comparatively short, measuring 141 mm., 
while in C. browni it is 204 mm. The vertical height of the left 
ilium from the inferior border of the middle of the acetabulum, 
allowing for slight crushing, is about 105 mm. As shown by the 
anterior portion of the right ilium (see fig. 45), the long, curved 





®Proc. U. S. Nat. Miis., XXIII, 1001, p. 591, pis. xxiii, xxiv. 
^Science, XVI, Sept. 12, 1902, p. 435. 
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preacetabular process is terminated by a somewhat more angularly 
pointed end than the rounded, more spatulate type found in 0. 
disyar (see fig. 29). With the exception that the ischiac process 
is not so robust, in nearly all other respects the ilia appear very 
similar to those of the better known species. The contour of the 

posterior end, due to the 
2 damaged condition of both 

elements, can not be de- 
Q termined at this time. 

^ Turning now to the sa- 
2 cral and caudal vertebrae 
associated with the ilia, it 
may be observed that the 
sacrals are characterized by 
the ankylosis of all their 
centra and their quite 
evenly rounded haemal sur- 
faces, there being just the 
faintest indication of the 
presence of a median keel 
upon Sacrals I, TI, and 
III. Xone shows the flat- 
tened ventral surfaces ob- 
served in the paratype of 
C. dispar^ No. 1877«, Yale 
iMuseum. In this respect, 
except in size, they more 
nearly resemble the sacrals 
of C. nanus. 

From the fragmentary 
evidence, it appears there 
were at least seven verte- 
brae ankylosed by their 
centra in this region, the 
most anterior of which is 
a sacro-dorsal, the poste- 
rior one likely representing 
a sacro-caudal, as in C, hrowni. Attached to the rock, which also 
holds the left ilium, are a number of spinous processes, which, if 
they pertain to the sacrum, show the spines as being much narrower 
antero-posteriorl}^, and without the heavy expanded tops of C, dispar. 
The caudal centra show no distinctive characters, but, as in the 
other species, the anterior caudals show the same obliquity of the 
centrum, the small neural canal, the wide transverse processes, and 
the slightly biconcave cupping of the articular ends, The diameter 
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of the anterior caudal centra is greater vertically than transversely. 
One of the sacro-caiidals shows it to have had a transverse process 
whose greatest width, at the point of origin at least, is in the vertical 
direction. The more distal caudal vertebra^, of Avhich there are three 
present, show the same cylindrical shape, with long pre- and post- 
z}\a’apophyses, as found in C. hrowni. 

The principal dimensions of the liolot3q3c are as folhnvs: 

mm. 

Vertical clepth of ilium from micldle of acetabular Ijorder (estimated) 105 



Distance between pre- and post-acetabular notches 141 

Width of pubis G3 mm. from the anterior end 105 

Greatest length of sacro-dorsal 58 

Greatest length of first sacral 53 

Greatest length of second sacral 5G 

Greatest vertical depth of sacro-dorsal (anterior end) 70 



Greatest length of caudal centrum bearing chevron (second?) 51 

Greatest width anterior end of caudal centrum bearing chevron (second?) GG 

Greatest height anterior end caudal centrum bearing chevron (second?) 7G 

A second specimen. Cat. No. 5820, U.S.N.M., consisting of the Avell 
preserved anterior portion of a right ilium, collected by Mr. J. L. 
Kenney from the Morrison beds of the Jurassic, near Como, Albany 
County, Wyoming, undoubtedly pertains to this species (see fig. 47). 

CAMPTOSAURUS BROWNI, new species. 

Ilolohype . — Cat. No. 4282, U.S.N.M. From the Jurassic (Mor- 
rison beds), Quarr}^ No. 13, 8 miles east of Como, Albany County, 
W^^oming. Collected by Mr. Fred Brown during the ^’^ears 1885 and 
188G. Named for the collector, whose discoveries of important fossil 
specimens have done much to further the science of paleontology. 

The typical specimen consists of a considerable portion of the 
skeleton, and since the elements have been listed on page 203, it ap- 
pears unnecessary to again enumerate them. As this skeleton is the 
basis for that part of the present paper devoted to the osteolog}^ 
of C amptosaupus ^ ivhere a detailed description of the bones compos- 
ing it will be found, it is necessary here to discuss onl}r those char- 
acteristics hy which it differs from the other known species. 

Specific characters, — Ilium of moderate depth,^ with long pre- and 
post-acetahular processes ; the hinder pa7d espeeialhj narroity* su- 
perior border slighthj convex with oblique posterior portion short. 
Seven vertebrce,^ of xvhich five are considered sacrals^ united by suture 
in sacral region, Peg-and-notch articulation confined to the posterior 
members and extending into the anterior caudals. Anterior sacral 
vertebrae compressed transversely. Last dorsal with ventral heel, 
Ischia slender with light expaiuled distal ends. 

Typically the skeleton represents an animal about IG feet in length, 
intermediate in size between C, dispar and G, medius. While it ap- 
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proaches the former more nearly in size, it resembles the latter in 
the comparative lightness of its skeletal structure. 

The cervical vertebra' of C. hroicnl^ when compared with those of 
C. (Uspar^ show a much narrower ventral keel and deeper lateral 
depressions. The dorsal region, on account of the lack of material, 
I am unable to contrast with the other species, excepting C, nanifs^ 
the dorsals of which may be readily distinguished on account of their 
small size and the thinness of the spinous processes, which are Avith- 
out decided thickening of their superior terminations. 

The last, or sacro-dorsah has a short but decided ventral keel Avhich 
at once distinguishes this element from the smoothly rounded hannal 
surface of this A^ertebra' in dispm\ or the faint keeled ones as found 
in C. depressus^ C , naniis^ and C, prestwichii. 

The sacral region of C . hrowiu resembles C. depressiis most nearly 
in having seA^en A^ertebra" united by suture, of Avhich fiA^e are con- 
sidered true sacrals in the former species. The sacrum differs from 
C, dispar in the increa.sed numbei* of sacral A^ertobra, the absence, in 
the anterior elements, of the peg-and-notch articulation, and its con- 
tinuance into the caudal region, and by the more compressed and 
keeled anterior centra. The absence of the peg-and-notch articula- 
tion in the sacrals of O. nanus and C, prestwiclm at once sej^arates 
them from C , hrounii. 

Outside of the anterior caudals, as noted above, the other A’ertebrpe 
of the tail shoAV no distinctiA^e features. 

As knoAvn at the present time, the ilium is one of the most char- 
acteristic bones of the entire skeleton of Cam pfosaaras^ and since 
this element is present in all of the holotypes of the American species, 
excepting C, amplas^ it offers a basis of comparison equal in impor- 
tance to the differences displayed in the several species. The length 
of the ilium (see fig. 30), Avhich Avants the extremity of the pre- 
acetabular process, is quite equal to that of the aAwage adult indi- 
vidual of (\ dlspar (see figs. 1 and 3, Plate 14), although its greatest 
depth is considerably less. The pi'cacetabular })i'ocess Avhen (‘om})lete 
Avas long, the superior border slightly com’ex, and the post-a(‘etabular 
portion long and especially narroAV, the angular oblique border of 
the siipero-posterior end being short. Compared with the ilia of 
the other species, the difference in the form of the hinder half, 
coupled Avith its other proportions, Avould, ajDart from other evidence, 
indicate the specific distinctness of its OAvner. In contour the ilium 
is intermediate betAveen C. medius on the one hand and C. depressus 
on the other, as may be seen by comparing figures. Compared Avith 
C, depressus^ it shoAvs a much Avider preacetabular notch, a deeper 
acetabulum, and a greater depth of the bone as a Avhole. 

The pathological condition of the right ilium of C. hrou'nl is of 
interest in sIioaa ing to Avhat extent the shape of a bone may be modi- 
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fieil by oxternnl injury. On th(‘ posterior half, tlie comparatively 
thin, plate-like part of the ilium is divided vertically, the two halves 
swelling out to form the walls of a cavity which extends dowuAvard, 
emerging on the ventral border. The cavity is longer than wide, 
measuring on the upper border of the oj)ening 8() mm. in a longi- 
tudinal direction and 4G mm. in the transverse, the ventral exit being 
considerably smaller. As indicated l)v a deep depression on the. dorsal 
border, the injury was probably r(‘ceiA’ed from above. 

The exostosis of the bone was greatest on the front side of the 
cavity where it measures 72 mm. in width. The normal diameter of 
this part of the ilium, as shown by one of the o 2 )posite side, is only 
21 mm. xV second injury was found on one of the caudal vertebne 
near the root of the tail, as indicated by the pathologic condition of 
the spinous process, Avhich is considei'ably enlarged and has near 
its base an elongated opening which perforates the bone. "\Miile the 
wound in the ilium must have been an exceedingly painful one at 
the time of infliction, it in no way utterly disabled tlie animal, at 
least to the extent of leading to its death, for, as shown by the speci- 
mens, all of the broken margins of the bone had healed. Although 
these injuries may have been inflicted by some of its large carnivorous 
contemporaries, the position of the wounds suggests the idea that 
this individual was a female who might have received the injuries 
during copulation. 

The ischia. of O. hroirni are comparatively slender, and wliile there 
is a considerable expansion of their distal exti’emities, they lack 
the massiveness of those of (Usp(n\ In the lightness of the struc- 
ture of these elements, they approach C, medius most nearl}^ 

The fore limbs and feet show no distinguishing characteristics. 
The principal measurements of the vertebra^ and other parts will be 
found in that part of the paper devoted to the osteology of Camp- 
tosaurus. 



GP:OGRAPniCAL AND GEOI.OGICAL DISTRIBUTION. 

In Xorth America, camptosaurian remains have been found in 
southeastern AVyoming, in Albany and Carbon counties;® Colorado, 
near Canon City, and in the Garden of the Gods'’, near Colorado 
Springs; South Dakota, in Custer County, in the vicinity of Buffalo 
Gap. Beyond the limits of the United States, specimens which have 
heen referred to Camptosauras have been found in England, Isle of 
AVight, and Hungaiy. 

xVll of the American species, with the possible exception of C, de- 
2 }ressus^ are from the ]\lorrison beds ( Atlantosaurus beds of INfarsh), 

®Iu the Journal of Geology, XIII, No. 4, 1005, i>. 848, Dr. S. W. Williston 
reports the occurrence of TAtosaurus remains in Fremont County, near I>(ander, 
Wyoming, in deposits considered lower Cretaceous in age. 



298 



PROCEEDINGS OP THE NATIONAL MCSECM. 



VOL. XXXVI. 



of the Jurassic, but Marsh s statement that “ they occur in successive 
deposits of the same general horizon, the smallest species below, the 
largest above,'’ ^ can not be verified, and is not borne out by the 
structural characteristics of the typical specimens. ]\Ioreover, as 
shown by the original field labels still remaining with the type 
material, (\ dispa)\ C\ medlvs^ and (d. mums came from the same 
quarry (Xo. 13) and in all probability were found at the same level. 
Although the holotype of C. ampins was found in the same general 
area, it is from another quarry in a region where it is difficult to 
trace stratigraphic horizons. It also appears from ilarsh's own 
writings that he was not quite clear as to their stratigraphic posi- 
tions, for in 1879 ^ at the close of his description of C, ampins^ he 
sa}^s: “The remains of the present sj^ecies are from a lower horizon 
in the Jurassic than those described above \C, dispar], but within 
the limits of the Atlantosaurus beds.'’ He thus places the larger 
species at a lower level, which is contradictory to his later statements. 




Since Quarry Xo. 13 has furnished four of the holotypes per- 
taining to the genus Camptosaurus, besides a vast quantity of other 
material, the exact stratigraphic position of the bone-bearing layer 
is of considerable interest. A clue to the position of this layer Avas 
found in a rough section of the strata exposed in working this quarry, 
made by ^Ir. Fred Brown in 1884 (see fig. 48). 

The fossils occur here in a layer of sandy clay,^ as I have deter- 
mined from the matrix, still adhering to bones, and, as seen in 
Brown's section, the bone-bearing layer (“ pay streak ”) is inter- 
calated between layers of marl or clay, green below and brownish 
above, all three layers lying between bands of sandstone. 

«Amer. Joiirn. Sci., XLl'III, 1894, p. 85. 

& Idem, XVIII, 1870, p. 500. 

^ On p“cige 109 of the present paper, Mr. AV. II. lieetl is quoted as also noting 
the sandy nature of the matrix in which the fossils occur as being unusual. 
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In comparing the conditions here with the sections so carefully 
worked out by Dr. F. B. Loomis® at Como Bluff and Little INIedi- 
cine, in an area a few miles to the west of that under discussion, 
it appears that this sandy layer may be tentatively correlated with 
No. 28 of his section (see Plate 20), which he describes as folloAvs: 

No. 2S is a saiulstone in which the rich Rone Cabin Quarry is situated, 
and also the Stoijosaurus Quarry. The sandstone varies extremely in hard- 
ness, heinj?, in the south part of Rone Cabin Quarry, soft and mixed with con- 
siderable clay so that it is workaI)lo with an awl. In the northern part of the 
(piarry, however, there are hands of the firmest sort of sandstone. In Como 
Rluff the layer is clay with merely an admixture of sand. Rone Cabin Quarry 
has yielded a great variety of genera : Diploclocus, lUorosaurnSy Uroutosaunis, 
AUomuriiH, Ccrato.sanrns, Gamptosaurus, Stegosaurus, as well as several 
genera of carnivorous Dinosaurs; also Gompsemifs and GoiiiopJiolis. 

The coiTectness of the above correlation appears to be indicated 
(1) by the similar nature, lithologically, of the materials composing 
the bone horizon, (2) a similarity in the over and underlying strata, 
(3) the likeness of the faunas from the two localities. If later 
investigations shoAv this provisional correlation to be correct, it is 
of the utmost importance as definitely locating the horizon from 
which the holotypes of the following species have come: Campto- 
sauruH dispar^ C, medtus^ C, nanus^ C. hrowni^ Dryosaurus cdtns^ and 
Diracodon laticeps. Among the other dinosaurian genera recognized 
from cjuany No. 13 are Stegosaurus^ Allosaurus^ Coehirus^ and 
Morosaurus^ as well as the turtle, Glyptops and the crocodile GonU 
opholis^ and fish remains, which, however, are too fragmentary to 
admit of identification. By com^Daring the faunal lists of the two 
quarries, it will be observed that they are quite alike, although Bone 
Cabin Quarry predominates in representatives of the Oi)isthocoelia 
(Sauropoda) , Quarry 13 in members of the Orthopoda (Predentata). 
This observation would also apply to the relative numbers of indi- 
viduals of each group found in the two quarries. Quany No. 13, as 
shown by the maps, was especially rich in stegosaurian and campto- 
saurian remains. 

With the permission of Dr. F. B. Loomis, I reproduce (Plate 20, 
figs. 1 and 2) sections of the Little Medicine and Como Bliitf 
exposures, which, according to his measurements, show the 5-foot 
sandy layer No. 28 to be within GO feet of the overlying Cretaceous 
(Dakota). This is the highest known horizon of the Jurassic in 
which camptosaurian bones have been found, and the discovery at 
this level in the famous ‘‘Bone Cabin Quarry” of a skeleton of 
G. nanus (see Plate 10), strengthens somewhat the assumption of 
the contemporaneity of this layer with the bone horizon of Quarry 13. 



®Rull. Amer. JMus. Nat. Hist., XIV, 1901, pjj. 189-197, pi. xxvii, figs. 2, 3. 
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The finding of C amptomurus i*emains in the Lakota, near Buffalo 
Gap, South Dakota, appears to extend the geological horizon of this 
genus. The occurrence of these fossils is described by Mr. N, II. 
Darton® as follows: 

The formation has yielded a large number of cycads, notably tliose described 
by Mi\ Lester F. Ward. These and associated i>Iants are regarded by Mr. 
Ward as Cretaceous in age. In 1S9S I discovered saurian bones in or near 
the cycad horizon at Biift’alo Gap, but as they are of new species it is difficult 
to obtain from tliem any evidence bearing on the age of the formation. If it 
were not for the evidence of the flora, these bones would be regarded as late 
Jurassic in age. * bone bearing beds are in the middle of the 

Lakota formation, or about 00 feet above the unconformity on the Unkpapa 
sandstone which is approximately the horizon that has yielded the cycads 
between Edgenuuit and Minnekata, near Blackhawk and elsewhere about the 
hills. 

The vertebrate fauna of the above horizon, as now known, con- 
sists of TI opUtosauruH {Stegosaurm) marshi (Lucas) and Camp- 
tosaunis dcprcssus^ new species, while the presence of a sauropodous 
dinosaur is indi(‘ated by some fragmentary bones found associated 
with the type material. 

That the bone-bearing la}Tr at Buffalo Gap is later than the fossil 
horizon in Quarry 13, Como, AV}^oming, appears quite probable, al- 
though the evidence as yet is insufficient to conclusively establish the 
fact. II opUtonamiis has its nearest all}" in PolocmitliHs of the Weal- 
den. While the former genus is known by a single fragmentary speci- 
men only, it may, from its geological position, represent a form in- 
tennediate between Stegosaurus of the Jurassic, and N odosaurus^ 
Stcgopelta^ and AnchgJosanrus of the American Tapper Cretaceous. 

Although the typical specimen of C, depressus is fragmentary, 
such parts as are preserved appear to show that of all the known 
forms of Camptosaurus this species approaches the Wealden Igua- 
nodon most closely, as indicated by the narrowness of the ilium and 
the coosification of the sacral vertebrae 

As has been pointed out in the preceding pages, the Camptosaurus 
remains from Quany 13, when compared with Igiianodon^ show a 
more generalized structure, which suggests a somewhat greater an- 
tiquity for the beds in which they are found. In this connection it 
is a significant fact that of the several European species referred to 
C amptosaurus^ the only valid one is C. prestioichii from the Kim- 
meridge Clay, and its affinities appear to be nearest to C, nanus^ the 
holotype of which was found in Quarry 13. Corroborative evidence 
is furnished by the abundant remains of Stegosaurus found in the 
above quarry (see Plate 0) , which genus is so closely allied to Dacen- 



21st Ami. Itept. U. S. Geol. Surv., Pt. 4, 1^90-1000, p. 527. 



NO. 1G(>G. 



oHTFjOjjOar OF CAMPTosAruvF—auAiouiL 301 

frttn/s^ {0?7iosau?nfs) from the Kimmeridge that Marsh believed 
them to be identical. 

It is unfortunate that the early paleontologists rarely gave any 
])recise location, innch less the exact geological hoidzon from which 
typical specimens were obtained, so that the faunas of the npper 
and lowei‘ parts of the American Jurassic, except in a few instances, 
have never been differentiated. The whole fauna has been included 
under tlie term Upper Jurassic, and only in the last few years have a 
few authorities separated some of the upper paif as lower Creta- 
ceous. The vertebrates found in the Lakota at Buffalo Gap point to 
its being the equivalent of the Wealden of England. Assuming, as 
many authorities do, that the Wealden is really Jurassic, these beds 
would then represent the uppermost part of that formation. 

The above evidence, then, is in favor of the contemporaneity of the 
Buffalo Gap horizon with the Wealden, and indicates that the age of 
the Quarry 13 bone layer is greater than the "Wealden. Such evi- 
dence as is shown by the Camptosaurida) not only supports Hatcher's 
contention ^ that the lower members of the Morrison (Atlantosaurus 
Beds) are below the IVealden, but that they are of greater age than 
the Purbeck and i:>ossibly equivalent to the Kimmeridgian. 

RPXSTORATION OF OAMPTOSAURUS. 

INIarsh gave us the first skeletal restoration of Camptosaurus^ here 
repi’oduced as Plate 18. While this reconstruction gives a good 
idea of the animal as a whole, it is now known, as has been pointed 
out earlier in the present article, to be in error in several particulars. 
The most striking change brought about by this more recent, study is 
the shortening of the presacral region, which was made too long l)y 
Marsh, owing to an overestimate of the number of presacral vertebra'. 
In his figure (see Plate 18) there are 30 presacral vertebra', 9 of 
which are considered as belonging to the cervical region, thus leaving 
21 thoracic vertebra'. Tv/o specimens in the U. S. National ^Museum 
agree in having IG dorsals each. If, then, this latter number is correct, 
the presacral series would be shortened by 5 vertebra}, making the 
proportions of the animal markedly different from the first conception 
of its appearance (compare with Plate 19). Even though it ulti- 
mately be found that Camptosaurus has 18 dorsal vertebne (a possi- 
bility indicated by the occurrence of that mimber in the holotype of 
C, prestwichii and in the allied I guaiiodon) , it would still mean the 
shortening of the column by 3 vertebra}, which would have lessened 
the distance between the fore and hind limbs, producing a more 
compactly built animal than appeared in the first reconstruction. 

a Science (N. S.), XVI, 1002, p. 135. 

^Memoirs, Carnegie Musuem, III, 1003, p. 68, 
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Although there is a considerable disparity in length between the 
fore and hind limbs, there appears to be some evidence to show that 
the bipedal mode of progression was not habitual. While I do not 
wish to be understood as believing that the upright position was not 
frequently assumed, still it appears to me that the quadrupedal posture 
was used more frequently than has been generally supposed. This 
is shown by the compact, ossified carpus, with smooth, well-defined 
articulating surfaces, which is supported by comparatively short and 
stout metacarpals, whose function was that of support rather than 
prehension. "\Wien compared with those of animals whose mode of 
progression is normally bipedal, the suggestion advanced here be- 
comes more apparent. Trachodon has slender, elongated metacarpals 
and imperfectly ossified carpus, and Iguanodon also has a tendency 
toAvard the lengthening of the metacarpals, though not so marked as 
in the former genus. The curved femur is also indicatiA^e of a flexed 
limb, Avhich Avould have equalized someAvhat the difference in length 
between the fore and hind legs. This character of the femur is in 
striking contrast to the straight femur of both Iguanodon and 
Trachodon^ a provision, as in the Proboscida?, for the support of 
great AAeight. The obliquity of the anterior caudal centra indicates 
a rapid dropping of the tail as it leaA^es the sacrum, Avhich is also 
suggestive of a normal quadrupedal position. In the two genera 
mentioned above the caudals extend straight out from the sacrum 
AAuthoiit appreciable ventral deflection. 

Through the courtesy of Dr. W. D. ilattheAV, of the American 
IMuseum of Natural History, I am enabled to present in Plate 19 
the first skeleton of Camjdosaams to be mounted, which giA^es a truer 
conception of the animal than is obtained from the earlier recon- 
structions. As seen in the figure, the head is comparatiA^ely small, 
being carried on a gracefull}" curA^d neck of moderate length. The 
thoracic region, Avhich has been given IG dorsals, is of moderate 
length, borne on stout, claAved limbs, of AAdiich the hinder are longer 
and stouter than the fore. In life this animal Avas eAudently strong 
and agile in moATinent. The tail Avas long, nearly equaling half the 
total length of the skeleton, and in life it probably seiwed as a bal- 
ancing organ when the upright bipedal posture Avas assumed. 

Unlike many of the other predentate dinosaurs, there have been no 
dermal scutes nor ossicles found, so Ave have no knoAvledge as to the 
dermal covering. 



EXPLANATION OF PLATE G. 

Diagrams 5, 7, and part of 4, of C}iiarry IG, near Como, xVlbaiiy County, 
Wyoming, worked by Mr. Fred Brown for Prof. O. C. Marsh, during the years 
1SS4, 1SN.'>, and ISSG. The numbered bones show the positions in which the 
various elements of the liolotype of Cntnpifmiunhs hroivni, Cat. No. 4282, 
U.S.N.M., were found in tlie cpiarry. The unnumbered bones scattered about 
pertain chietly to members of the Stegosauria. 

A, Plesiotype of Dirncodon iaticcps. Cat. No. 4288, IJ.S.N.M. 

B, Series of caudals and dermal ])lates of i^tcyosaurus, Cat. No. 4714, U.S.N.M. 

The scale is about 4 feet to the inch. 
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Map or Quarry 13. Near Como, Wyoming. 




J*roc. N. M. yyj. xxxvi — ()})- 



EXPLANATION OF PLATE 7. 

Fiu.l. Anterior part of skull. Coinptonaunis nmvlusf Marsh. No. 1SS7, Yale 
Museum. About § nal. size. 

^ Explanatory figure of same: h lachrymal; )n, maxillal,^ , a//, uasa 
no, narial oriflce; v>nx, premaxillary; pr/, prefrontal; so, 
supraorbital. 
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Anterior Portion of Skull of Camptosaurus amplusj. 
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EXPLANATION OF PLATE S. 

L I'osterior part of skull, (Utvii^tosaunis Marsh. No. 1S87, Yale 

Musemu. § nat. size. External view. 

2. Kxplaiiatoi-.v li«ui<‘ of same: uiiy. anfnilar: d, (Umtary: /«, jugal; (J, 
quadrate; qj, quadratojugal ; sur, siiraugular. 
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Posterior Part of Skull of Camptosaurus amplus?. 






EXPLANATION OP PT.ATE 0. 

Pio. 1. Possterior part of sknll, Campfosaanis atnphisf Marsh. No. 188(, \ale 
Museum. § uat. size. Internal view. 

2. Explanatory figure of same: ang. angular; art, articular; co, coro- 
noicl; /, internal mandibular foramen?; h, hyoid; p, art, prearticn- 
lar; pt, pterygoid; q, quadrate; s, splenial. 



310 



U. S. NATIONAL MUSEUM 



PROCEEDINGS, VOL. XXXVI PL. 9 




2 




I 






i 





EXPLANATION OF PLATE 10. 

Fig. 1. Posterior i)ortion of skull, Camptosaunis disiKir Marsh. Cat. No. 5473, 
U.S.N.M. 4 nat. size. Seen from above. From a i)hotograph. 

2. Explanatory figure of same. oL alisplienoid ; r, occipital condyle; 
/, frontals; p, parietal; pf, postfrontal; poc, paraoccipital process 
or opisthotic; so, snpraoccipital. 
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EXPI.ANATIOX OF PLATE 11. 



Fig. 1. Occipital region of skull, Camptosuurus dispar Marsh. Cat. No. 5473, 
U.8.N.^I. -A nat. size. Posterior view. From a photograph. 

2. Explanatory ligure of same, bs, basispheuoid ; exo, exoccipital ; /, fora- 
men magnum; oc, occipital condyle ; p, parietal; p/, i)ostfrontal ; poc, 
paraoccii)ital process or opisthotic; p. pt,, process which meets ptery- 
goid; so, snpraocci|)ital. 
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EXPLANATION OF PLATE 12. 

Complete neek and posterior portion of skull Catnittosaiirns disixir Marsh. 
Cat. No, 5473, TCS.N.M. I nat. size. Viewed from the left side. From a i)hoto- 
graph. 
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‘ART OF Skull of Camptosaurus dispar. 
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